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Jas FOR THE W OF “BRIDGES. 


ent. paper is isto} present a a series rien ols rational 
‘accommodate ny specifications ai and and which 
accurately the weight of iron for r any given style, but a also are of value 
— 
deciding best depth and length of in any given case. We 
shall first give Jthese formulas and illustrate their use and 
nd afterwar ards give their demonstration, 80 that ' their basis basis andr rational — 
may | be d early recognized. method and formulas shere given 
. rhat the writer at | Present i is disposed to think them, they 1 merit dis- i at 


“Be cussion, ast 8 the y seem 1 to give | better ‘pene as to weight, over a er a larger 


— 
AN SO OF 4 
itm 
8 8FORMY 
a 
the ‘So jiety Transactions for February, 1886, Vol. XV “page 
— M. Am. Soe. ©. E., presented’a set of a 
— 
— 
neir rational form, they ought to be reliable gui 
ther formulas known to the writer admit of such close 
BY ne best depth and panel length for any 
Case, and betwhen different styles of “a 
cose uss, best dimensions being taken — 
if 


We shall first consider the floor by itself. The chief detect hitherto 


in all; attempts to deduce formulas for weight, has been in not keepin 


the floor system ‘separate. ‘The flo oor we consider as composed of the 


rails ties, planking, etc. (or in in a the cas ase of highway bridges, of the road 
The weight of the 


t for all railroad ‘bridges 


For railroad bridges w we take ¢ — weight of rails, ties, planking, ¢ ete. 

00 pounds per lineal foot for single track. We e take 1is as not 


| This ps por ion of the floor being then en settled upon for any case, we 

consider the stringers at and cross- -girders. the s stringers are re of 

wood they are easily estimated and need not be considered he here. ‘Tf, bet 


is most always the ams we have i iron plate- -girders of uniform depth, ve 


"4 can at once estimate the w eight by the following formula: of 


Veight of a plate-girder ar} 12 P+2Rid 


_ where /= span in feet; d = depth in inches; R= = the average wal 
stress in per is inch; the total external load i in pounds, 


am there tested it bby actual w with the 
=9 pound. 
D Actual Weight. 
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metho of procedure and the : 
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ults, Mr. Pegram are “all that ‘could be asked.” 
SGdaeeh differe ces as there are can be as as well attributed to a change i 
the value of as to any defect in the formula. 


From forjoula (1 ) we have directly ‘the best or dept 


Economic > depth i in inches = - + 


stre in in pounds per square R, are known. The weight, as 
shown by (1), will vary, but little for values « of d, differing not much 


3 


Th These tur formulas are not difficult or laborious of of applioaton, but 


a such labor a ‘may b be involved in their application 1 may may be greatly 1 


x ened by tabl¢s constructed from them in accordance with standard lead a 


shall for am complete illustration; give such tables. 


The live-loa system we assume for this pur, pose, consists of two typical — 


‘locomotives vith follow ed by train, as given in Strains 
Framed Struftures,” second edition, Wiley & Sons. We have there given 


& 


tables by wh ch moments and equivalent uniform loads can be a once — 
accurat y y determined for the actual weights ‘and, distances. 


gi give this yst m below. 4 It will be seen that it is somewhat de cuneus of 


‘Pegram typical consolidated Class T, which he states “is now. 
coming into use, and will probably be ‘the loading for some time 


[VE-LOAD ‘Brerex AssumED ‘ron 
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For impact we "take 30 per c cent. increase of external load for al 


below 2 25 feet and 40 per cent. increase for all spans 
feet t = span in feet). ). We take rails, ties, ete., at 200 pounds 
fc foot or 4 400 foot per te track. and Rk at 8 000 

meral use the ng tables 


TABLE No. 1 


including Al-| 
Live Load per for Im- Deptt 
‘ounds. at 200 pounds per 


| 
. 


cy From this table we can take at once the weight of stringer for s any 


ties two stringers a as 8 giv en n by 1 Table | No. 1, 


rot Wee give here two tables for cross- .s-girders. ‘The : first gives the equiv- 

alent Ti live load and total external load W, and second, the corre-_ 
sponding weights fo single and double track, with depths. Again 

ve call attention 1 to the fact that considerable deviations fro these 


| 
| 
| 
: 
athe 
allowance for impact and unit stress. In 
— 
— 


IRON-PLATE Cross-( 


| ald total external loa single track. double 


le double values. Rails, ties, an: , 400 pounds | per foot. 


lrotel External) Total External 
ing Live Load,| Panel ing Live a 
weight of two) length 
Stringers and) in Feet. 


pnt Uni- 
ve Load. weight of two 


¥ 


_ 


Ss 


“TABLE No. 


Weight and and « sonomic depth for single 15 
track, 25 |feet wide. Rails, thee, etc., 400 pounds per ‘foot. 


Single Tyack, Double Track, || Single Track, 
ide. Seat wide.” feet wide. 


| 52.6 


for high way bridges, 


—— 
— | ON WEIGHTS OF BRIDGES. 
3000 loa 
track — 
|. 
— | 
— 
@ 
louble 
— — |. wide. 
37. | 66.8 | || 29 | 43 
. 7.2 1 860 29 | 43. | 6564 — 
— ormulas (1) and (2) 


‘DUBOIS ON w EIGHTS OF 


“the formulas must used. But for ordinary 1 railroad practice, q 
Nos. 1 1 and 2 will give at once weight ¢ of stringers and cross- -girders, 


A good ‘rough and ready ly rule for depth of -cross-girder for single 3 
i track is: depth of cross-girder in inches, - = panel length in feet, + 3 


width of nena in feet Ef For double ti track : about 1.6 times this depth. 
Our two tables, or the formulas (1) and (2) 2) from which they a are de a 
rived, thus enable us at once to estimate readily the weight « ad. iron in a 7 


= We are now able to estimate the total weight ma iron, as sll 


ad 


determine tl the best plate- girder b brid, 


and the weight of wind bracing. 


% The weight of wind bracing is given the formula 4 


total w ht of wind b = N (540 3.6) s 
4 


bridge be found from No. 1 by double the 


~ 


satan No. 3. 


Equivalent Span| Equivalent 
Uniform i Uniform in | Uniform 

Live Load. Live Feet.| Live Load. 


Let us now illustrate the preceding by an an example: — ee page 
Exampre.—Required the best depth and of ire ison for a singl oi 


_ track through pinto, girder bridge, 63 feet long and 15 feet wide, center j 


4 


4 
— = 
|i — 
Feet.| Live Load. 
| 45 860 «59 7 73 | 35 
36 163000 | 50 270 «(64 37280 78 | 900 
— 
a 


WEIGHTS OF BRIDGE 
“Di stance between floor beams, 153 fee plate 
As there fre i. panels, the wind bracing is 4 (5404+3.6 x 63) = a 
3067 pounds, or 1 533 pounds for each girder, if there are two. 2 — 
stringer is 153}feet long, or, allowing for thickness of cross-girders, nearer _ + 
a AG feet long, jand from Table No. 1 we have for the weight of such a 
stringer 1 292 or, say, 1 300 pounds. As there are eight such stringers, 
the total weight is 10 400 pounds, or 5 200 pounds for each girder. —: 
weight of cross-girders from Table No. 2 is about 1 700 . There— 
ame! five of ths se, and hence 4 250 pounds for each girder. - The rails, ties, 
i ete., we take #t 200 pounds per foot for each girder, or 12 600 pounds. 
The live load|from Table No. 3 gives 850 per girder. 
e for impact, 40 —. 
161217 pounds. (If we take 14.8 per cent. oft the equivalent * 


live load only, we should have w= 157 700 pounds. Se ex 2: 


— have then from formula (2) for the best depth, taking R = 8 000, 


now be the stringers Ww wood, we should 


‘inches depth, instead of 92. 5, we have 400 for the 


of 1 400. ‘Web believe, however, that careful designing» will 
w our deyth to be the | dest. method can | a be adapted readily to 

any "specific: tions and loading. It gives “not ‘only a close value for 


; oa weight, but ip an aid in in designing. . 0 Our tables, we b believe, give re resul 


My 
We can npw pass on to 
TRUSSES. 
the ¢ equivalent uniform load per foot per 


‘Ww; = per foot per due to the wind 


| 


— 
q 
— 
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— 
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vo 
— 
he pounds. The 4 
 # —_ It will be} seen from this example that the amount of calculation = — 
‘required is glight and quickly made. The estimate is close,andwe 
have also detprmined the best depth. __As to this latter, a considerable, 
<i 
3 — 
— 


thes ‘three, we way give the total external load per f oot 


For our assumed load 


EQuivatent Loan, PER Foor PER Truss, ON Basis 


= 


1623 
Span = - 40 180190 
1610 1588 1560 1 1486 
= 20 20 250 260 270 2900 990 800 
w,= 13863 1370 1348 310 1292 1275 1260 
3 330 340 350 360000 «370 390 
hese loads can be easily checked our 


me Strains in F ramed ‘Structures,’ "second ‘The tal le, it will 
noticed, Biv es for o one trugs, on the assumption of two. trusses to 


‘Taking the weight of rails, ties, seh 200 pounds per , and 


making use of Tables 1 and 2 for the weight of stringers at and rome 


weh have the f ving values for « ‘ Table ‘No. +5.) all 


Depth between 12. 5 feet, upper and lower horizontal bracing, 


| 


Depth above pper an 


where N= number of panels and / =  apen in i. These formul 


a 
| 
— 
; 
— 
— 
— — below 12.5 feet or pony 
: 
— 


TABLE 


OUBLE TRACKS. 


One-half 
of 


Two 


eight of 
tringers. — 


Weight of | 

One-half 

8 


Weight of 


Cross-girder. 


Cross-girder. 
Weight 


One 
One 
Floor, ete. 


os 


soe 
oe 


: 


a 
aon 


sss 


Se 


des feet. ‘iif width is ‘greater, multiply 


holds for deck bridges also. 


is find, for any case, the value of wy Po and Ws for r rail- 


oad ad bridges. For highw ay bridges ws is the same, but and 


to construction and cease. No trouble in any 
be found i in finding and Now the total 


' + w;, being thus known, ot our formula for the weight per aoe : 


ia foot ¢ of one tr Py w,, not including bed plates, rollers and end shoes, i 
nula, Wry We and w; h have already be been, defined their 


| 
— 
Bel | s 
— 631 315 | 1400 | 45 8 8 
ies | 080 6 | 9600 | 39 
3133 | 4800 080 6 26 = 
= = 2 | 1034 || 3382 | 5000. 128 6764 | 10.000 — 
3904 | 3213) 7808 | 10800 
— 
The last fo 
— 


depth of truss feet; | in feet; 
my u = the numerator of the strut formula used. Thus the strut formula 


by Mr. Pegram, and generally u used, is for iron, 
length i is in inches, r is the least of gyration in inchs 
ais a constant depending g upon the end conditions. In such ca case 


ia « in formula (3) ste stands f for 8 r 8000. In n general # stands for ‘the numerator : 


of the strut formula used in in the design. only remaining “quantity 


in our. formula is A. is theoretic quantity depending on 
_ style of truss, number of panels, depth, and panel cis as follows: 


oe 44 and soon. For eve ery sry style ai truss, A can easily be worked out. 


formula bide is rational in in form. The strut formula is included 


2+- 


in it, that account is taken of the material required for stiffening. 
‘The quantity 3.6 is a result of the theoretic discussion. The “i 


vidual design, ign, and have been determined by comparison with two 


mpiric “quantities are 45 and 202. ‘These may vary somew hat with 


8 where the weight a dimensions were known. The method 
by which the formula has been deduced, we may say here, is similar to 


sob that adopted by Charles Bender, C. E., in “* Principles of Eco onomy in 


4 


the Design of Metallic. iley & & Sons, 1885. Our value’ 2 


-. — is his “strain length,” ’ but i in formula (3 ) we have, as we have said, 


The 
= fault of all formalas for weight has been the adoption of a constant 


stress for all We ohell notice this point more length 
dater on. We confine ourselves here to ‘explaining and illustrating the 


‘table the value of A for different nuuuibers of panels, . N. 


; use of the formula. For ready application, we give | in the following 
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| 
| 
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— 
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_ 
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| 
— 
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— 
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TABLE. ‘No. 


or A For DIFFERENT TRUSSES. 


| 


64.8 p2 +- 18.6 d2 

123.428 p24-21.857d2 

159 p2 +- 24d2 
198.666 p2 + 26.333 d2 

262.4p2--28.8d2 213 p2 -+-.0d2 

290.1818 p2 +- 31. 3636 d2 266.5 p2-+ 66 d2 

342 p2 + 34.d2 304 p2 +. 72 d2 

397.846 p2 + 36.69 d2 

457.714 p2 39.4285 d2 

521.6 p2 + 42.22 5p2+90d2 

589. 534 p2 + 96 d2 Pisce 

661.412 p2 47.8235d2 601.5 p2-+ 102d2__ 

8 187.838 50.666d2 p2 + 108 d2 
p2 +105. 263 p? 1 53. 5263d2 «(748.5 


BE wre 


can readily apply formula 3) 
a The followi ing tabula tion gives the results of our formula as acne 
to the cases § ven by Mr. in the 1886, of 


46032 
| 
62627 | 
273 67 
99 
302 206 
185638 


174945 


Weight of | Weight of | Difference. | of 
q "as given. Truss. | One Truss.| Di 
; 
658 
4 + 
O74 + 


ase e of the foot prob mispri 


gh suc such a wide suddenly drop: out on 
reeing well with the other two cases the s same example, 


—— 
= 
q 
iii 
: 
a 
le 
— 
— 
— | 


BOIS ON WE 
with. all the examples. We expect to hear from Mr. Pegram 


that there i is some misprint or some misconception on our part as to data — 


r construction. Ther variation above and below the actual is no more 


than would be be due to variations in design and fluctuating unit stress, 


: < absolutely e exact formula, if such were » possible, : might be: ‘expected 


to show such variations. The column of ames is a bother criterion 
han that of percentages. 


820 feet sp span, and there about six tons only, w 


ence runs down to thirty- two pounds. ee ee 


wey 


fe The formula follo ows the change of depth in eo last 
g in all the ‘examples: it will 1 be inte inter 


ang ge of loading 
5 and the formalas 


VS 


w can an check Me. Pegran's total _ weight of 


give too large in many cases light by which are 

Thus in the first example, 104- foot Span, 1- foot panel Jengths, we 


from Table No. 5, we = 349. Subtract 200 for -raile, ete. , and we have 
aaa pounds p per foot per par teen of iron, 0 or 149 x 2 x 104 =30992 pounds 4 


cross-girders. For wind bracing our allowance i is 


for r stringers an 
773 x 104 =8 truss we have already 231 525, or 050 ) for both 


Total weight of iron is then 


The actual weight 


Total Weight | Per Cent. of 
Iron by Formula,| 


497 
163302 


1+ 


— 
— q 
— 
— 
8 
— 
| given by Mr. Pegram is 90555 
— |. 89650 90555 tn 
| tg 


he di different in the several cases affects the floor s) sys- 


> take our own floor system in every | case, some fluctuation — So 


ied. ‘still: the results are re very close, and serve to inspire “4 


our formulas. Ww e believe that such deviations as occur — 


designing, which a formula cannot follow, would account for our 
ations. In ery example there i is least one case w here our 


actual nount is not much over one to two tons. 
Mr. W. M Hughes, M. Am. Soe. C. E., has given in ine 


in the Febru ary number for 1886, a list of executed examples. i it is 


ake a sa tisfactory test test of them, because the e value « of u used, 


al + + re actually ‘employed are e unknown . We 


= = 8 haste and ond and w as giv en by ‘our Table No.5 


2 000 
tyro spans, 150 and 142: feet, are double Alla are 


‘foulas, ought to be n near those by Mr. Mr. ‘Hughes. 


then fdr We Ws, values given in the fol following tabula-_ 


sty 


tion, taking for the 50 pounds | per foot. ‘Tf it should 
happen that }hese are near the actual values, the test would be be very sat- 


isfuctory, as t vould show that from our formulas hee weight we have 
been able tofhit the actual loading. be The values of w, given 1 above are 
< small for prpsent ; practice, ‘but conform to the old rule of a ton a foot 


fon or each tra k for sp spans over 100 feet, and may, we 


ben not far m correct. we are right in in this, it is because of these 
light loadin, s that Mr. Hughes’ cases differ 80 much from th the results — 


formula, Ww e would call attention to the close agreement 
»-track s spans, for which Mr. Hughes | found 51 and 59 per 
« from Mr, Pegram’s for . The he weight for MBean 


omen and 200, includes the wood 


— — 
Ps 
temand as w 
to be expec 
4 
— 

=170f 1476-1200 1.200 1000-1000 10000 — 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
q 


DU Bors oN WEIGHTS OF BRIDGES. 


Per cent. 


of dif- 
ference. 


* 


of one Truss per 


| Foot, 


Formula Weight 
Actual Weight. 


Be 


q 


The agreement i is om, as have said, we can bees: no con- 


‘clusion “upon it, unless it should appear that the values of +t, 


Ws are very nearly th those actually used in ‘dimensioning. ny change 
our formula 6) due toindividual ‘design should has in the values of 


45 and 202, or or in the: value 4 a, , or both. . We would ask Mr. Hughes to. 
‘test our formula by the a actual atte, see whether, wilh: ‘such 
change, , if necessary, it will: not check his results. 
Professor J. A. 

No. given a & table o of weights of bridges of 

various lengths. strut formule used by him is that of C. 


“Smith, M. Am. Soc. C. Ey ‘the numerator of which, instead of being 


. 


| 


20 least diameter 80 
4 


may be that wi with a actual vdinen we should need to change 45 45 and 


We must leave the test ; therefore to him. We teste onl 


formals results, however, by assuming for the ratio of 3 
the expression for spans less than 200° 


for above 200 feet. 


— 
21) ge] +) 
ex | 4 | 12% | ae +1193 | on 
| | 12 397 250 800 | 242 990 | 
= 200 | 28 $0 228 620 235 700 
— 
= | = 
if 

= for the values 


No, of | wy 
As G By Formula. 


| 


> 


actual value ue giv es better results, the value of our formula neti ee 
ery ‘strongl established. Her Here, at all events, is a is a general for formula ih 


ation 1, which checks very closely Professor Wa 
ormula also ; gives Mr. Pegram’s results, and ‘apparently Mr. 


it Ww ould seem to be i in in accord with f fact. Professor Waddell 


give a few hours to the adjustment of the formula to 


sippi,” Van 
given in dethil the made of several ‘spans. 


upper cast-iron, , short yenel small live 


for long spans. I 
“in however, to fn d a clos ose we can n check. In all Pe 
=|1 250, 220, The stringers are wood, 


Ws : 
ingers s with track, tie: -ete., 150 pounds per f foot wom 


8, 
piven = iron-work only. 


— 10000 With this single change in — 

it. ar as may be, the value of , 

in | | Feet. a. 

_— 
— 
— 
— 
— 
— 
— 
wil be int ima 
—— 
Weight of st = 
— 


= 


Difference. _ 


= 


t 


No. of Panels. 
Formula 
Weight of one 
Truss per Foot. 
ght. 
of 


‘| Panel L 


| Total Wei 
Per cent. 


give the actual 1 we eights more > accurately. The under the citcum- 


stances is, ‘howorer, perfectly satisfactory. 


The The ‘constants: 45 and 2 ‘could be changed 8 


e results” let us take the 200-foot spans 

a the Plattsmouth Bridge, ssingle intersection, span, 200 0 feet, d= 30, 

25. We have from Table No. 4, = ‘from Table No. 


‘The weight of track, is 230 per ss per ‘truss, 
“iin total | wei ight of iron = = 274 400. The actual weight is 270 387, 


Difference, + 4013 p 3 pounds, or + per cent. 


a, | We are, we think, justified by the preceding, in asserting that i it is 


possible to produce a formula, based on theoretical considerations alone, 


4% of value. That ouch a is not very com 


of truss upon the weight is is properly into account. We may, 
‘think, ‘go wand farther. our accurate as os these compari 


a We see rom Table » No. 


multiplied by p p? plus another coefficient multiplied by Let us 
= these of and and d f, s s0 in A=a Pp? fa where 


—— 
— 
— 
| 
‘Then we have at once from — 


wi +W2+V3)p 
whero/ = in feet, N= number = = numerator of 
strut formula 


ner foot per truss due to. weight of 


arp the coefficients of p* and d* in Table No. 6. 


of formula (4) and Tables Nos. 5 ‘and 6, we may then 
in fry case, not only the best depth, ‘put also the best number 


us tak¢ as an illustration the first of Mr. ‘Pegram, v riz. 
104 feet, ‘single intersection, = 8000. From Table 


havd w, = 1633; for the wind bracing we have w; a 43 N; ss 


ween 12.5 and 24; and v3 = 5.77 . y for depth: above 24. 


Ww. we take from Table No. 5, ‘according to ‘the panel 


= 4, we have p = = 26, vw, = 380, v3 = about 26, and w me 


Then from formula (4) we have d= 25.5, ‘and 
= 207. For four ‘panels then, each truss weighs 207 


ot But if we we subtract wv, = 1633 from 2.039, we 


hos for i iron in the floor, for one truss. ss. The ‘total weight 
iron then 207 + 206 = 413 pounds per foot per truss, or 826 


p the thus, for five ands six panels w we the 


7 f Iron per Foot. 2g 


A= 17}, 20-334 
once from. this example, that s as the number of panels di- 


or {he panel length h increases, , the truss grows lighter, but the BS 


heavier. There is, then, a of in n this 
| 


le 
buts onger via, 


— 
; — 
— 
sw: = uniform load per foot pen t floor. 
= load 
 aandZ — 
— 
the 
— 
' 
> 
pounds per f 
§ 
_ 
= — 
| 
— 
ease five, fo 
Pog 
— | 


24 feet, and this, we think, will be substantiated d by actual design. i. <7 
Our formulas, therefore, ‘not only furnish us with an accurate a 
mate of the e weight, but are a valuable aid in n designing. The best depth 
for ‘the same | ‘span, 104 feet, if double intersection, for 5 panels i is d= 
23. 5 whieh for Warrei 5 ‘Panels, we have du = 20 feet, ‘The 


corresponding 1g weights are = — 208, and w, = 214, and total weight, 802 


es 2, the double intersection comes out the lightest, and Waseem and single 
‘ intersection about the same. same, for best dimensions. a It would seem m then 4 


and 814 pounds per foot. | For this case and loading then, we see > that “4 


ae find the b best dimensions and weight f for an any g given n style c of truss, s, bat ~ 


practical end constructive reasons. w ‘ould appear best to limit 
the length of panel to “about 25 feet, in ‘case our formulas s should lead 
a toa greater length, an and for the e same reasons to limit the depth ae 
double intersection with posts pinned at center, to 50 feet. Within 


E these limits our method s agrees well with the best practice, and confirms Ya 


the to which is so marked a feature of the latest — 


— 


"Thus, let u us for illustration Mr. Pegram’ second exam- 


N=9, = 163, +: +; = 1992; d=27. 


Mr. Pegram ie d= _ 95 and gets w, = about 325 for a load of 1844,” 
a result which i is also given by our formula. - 


Careful. designing will, ill, I think, justify 27. feet asa better depth it 

9 panels used. w may go. further, ‘and say | ny that a still Detter 
result would be obtained. by greater panel | length, 


1016 


It wo would seem then Chess ‘six pene and of about 34 feet would 


> 


— 
— ae stead of 17; feet. If we were to take six panels,as Mr. Pegram does, _ = 
_ 
4 
4 
| 
on 
— 
— | 
Bs 
— 
la 
4 


Pegram ‘ins 
we take ig =: - 28, 
=1014 i 
and w 
this case 

say that a chang 
the tenden: 


_ justification. 


cept within som 
formuls 


— 


double than fo for 


wil 6, pL 
< | 
we | take 


F or tr 
ae, = - 307, total 
than 
Warren 
S306. This come 
best dimensions 
than ieee eit 


dout 


best: 


the double and 


‘The influence 


| 


"what reduced 


ov snipes, 


ists. upon t this, and our formula confirms it. Thus, if 
instead of 34. 4, we have for N= 6, je oy 


the ame will not much affect the we ight, however. 


= 298, an and total 
stead of 1000. This is better than Mr. Pegram’s 8 pro: 
can say quite confidently tl that a » longer panel | length i in 
ye better. In opposition to Mr. Pegram then, | we would — 
2in panel length does affect the total weight. a it did 
y to long panels of ou our present practice v would have no ~ 3 


he » depth al also i is not a matter of entire indifference, 1 ex- , 


indicates: also that e depth should be greater for 


ingle track. Thus w we have for double | track 


Ws Iron per Foot. 
=25, + ws =4084;d=40 458 


ck, intersection, = 6, we have d= 


3 out as before, the 
taken for both. 
er single c or double intersection. 


mic depth for the Warren is, 


of a . change in 5 panel length “only i is shown by the fol-. 


The econom 


30 w, + w, = 2014 


the weight of truss as the number of 


creases. . Itwe we limit the panel 


as we have recommended, three trials, as as in | the case 
hs, 


span, will in any case determine the best number ae 


lepth. = If this depth ; runs too great, it may be some- 


thout affecting the result but ‘the: he best 


will hold good. be 


in 


8, , the floor system i 


— 
— 
HB change mm 
— 
= 
— 
We see that wl = 
length to 25 feet 
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820foot span, double int 


Total Weight 
<4 w, Iron per Foot, 

a a e have then 15 for the best number of panels instead of 16, and as 
to the depth, we venture to say that ‘most any d depth between 1 45, and 50 
‘will b be f found better than t the depth ot Bt feet assumed by} Mr. P ; 


“ari We ha have given enough of ‘illustration to show that if our metal 
and formulas a are at all reliable, they will go much | further than merely 


to afford a a good estimate of weight. alone. Be ing rational in form, med 
_ show the relative influence of all the data w hich enter into the problem 


of weight, and to settle the i impor tant points of | proportions 


and loading, to any style of truss for which A can in be made pr 


[r. Charles Bender, in his recent work, ‘ Principles of in 


and best design. _ The formulas can be applie 


"the ne Design of Metallic Bridges,” has made out the value a = 4 ue many 
and the general d discussion of minimum of thi 


antity, deduces several important t relations and rules, 


" Following this lead, and determining A in similar manner, I have 


been able to take more or less perfectly i into | account the influence of a Zz 
a varying unit stress in the w various members, a and d the influence of the stif sifers 


i material required by by lon: g 9 struts. The ap apparent neglect of these ime 
"portant ¢ elements would b be the main criticism we should offer upon ath 


po 
a neat and interesting discussion i in the work alluded to. 4 Thus Mr. 
‘Bender’ 8 formula for weight, as we understand it, , would take the form 


‘hom unable from this to get any re- 


_ 
—— — 
— 
ig iq he takes 16 panels and a lepth 34 ect. ad oading and 
dimensions, our formula, as we have seen, closely gives his weight. 
sl ( itl 
— 
a 
a 
— 
tm 
— 
— 
— 
4 
— 
all members. We have 
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ld check actual designs through any wide range, bites. 


the depths giv uy are © entirely ole, wholly, a as we believe 


‘call for. Comyfar aring this formule with our formula (3 )s , it will be seen fs, 

the ‘influence of the 


that tel m 


rand u +w ‘Ws 2+ ‘Ws, the exact values actually em 


our formula 3) 


(w, + +w;)d 

by | the limiting length of girder, or that length 
‘support its own weight, Ws, , we have ber 


» we see at once it is identical, and sy 


(45 p? + 202 
hus, in M ’ Pegram’s s first case, span 104, d = 24, Nun = 6, rae 
intersection, wq have for w, - ++ ‘ws = 1820, L = about 940 feet. 
‘For Mr. Pegrat 320 820-fc foot ‘span, N= 16, d= 34, double intersection 
5, L = 894. TE we should assume that 


limiting le were constant for any style of truss, say ‘not 


om 940 feet fe 
the very simple 


— — 
“sults which w 
ulas upon designs of his 
wil — 
— 
— 
q Comparing 
have the 1 — 
— 


4 


Formula Weight Actual Weight ia Per Cent. of Dif. 
of One Truss. of One Truss. 


jane 


98.658 
458 

35 


+4 


Ke 


032 


Sra 


5 


: Here, then, is at single, simple formula made ‘ ‘ off hand,” which 


satisfies well the entire range of f all Mr. . Pegram’ 8 examples quite as well 


_ fact as his own series of formulas, v with ‘their carefully determined 


constant 8. Probably a little p pains would determine a value for L which 3 3 


would give | even better results. The formula as ‘it is, , judged | by agree- 


ment alone, is about as good Mr. 8 ‘series, and Ww ith two or 
s of L to match his . coefficients, w would easily ‘be better. 
* if no great accuracy is ain it is good enough for ola pur- 


as, for instance, for an of Ww weight preliminary 


‘accuracy depend Upon ‘the assumption that the limiting length is is 


correct. It is questionable w whether, i in 1 the 


the day, any engineer would base a bid entirely upon a formula, and we 
doubt whether Mr. Papen wound so use his own formulas, i in view of 


as the variations shown by his tables of results. — A formula which is liable’ a 
; $25 to vary by 4 4 per cent. o or more, would be of little value for such | purpose. 


But that same close e competition of great interest th e questions of 


best depth: and panel length, and all pointe bearing upon good design. ; 
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How far such a formula would go in 
— the following tabulation will show: 
1 
— |. 
— |: 
— 
7: 
— 
— 
— 
— 
il 
| 
— 
— ought to have a valuable bearing upon such questions, while empirical = 4 


ad BOIS ON W EIGHTS BRIDGES, 


sider the main 
view pent article i is written; en; and this poles ot view w 
we offer nt method formulas for discussion, 
OF THE ForMULAS. 


and (4) is simple, will 


but little sy 1ce in conclusion. _ 


As the wel weig at depends upon the areas, and these 
by 8 atical calculation, any 1 rational formula must be based 


tion ought to nish | a reliable formula. 
Let us first d ance formulas and (2) for plate 


gs Let the total pxternal load be 1 represented by W, and let W, be the 
the gir ler itself. the ) span in feet, and = the 


ivide this by the . depth in inches, a we have the yo 


strain. by . R, we have e the fla flange 
yea then wi we ‘take the thick- 


of the web it its area is dts inches. We then 


From this, t king the thickness ¢ at } inch, we have 


Differentiatidg, and | putting first differential equal to 


onom 


omic depth in inches = =- 


— 
cula 
— ia 
(Wt 
the enter — 
— 
— 
— 
q 
@ 


Du DUB 


x panels, 


lower ‘panel point the full panel load 
+ w, Since are — 1 loads, the Teact- 


i + ts +005 +0) (N—1) 
he strain in the first lower panel i is the reaction multiplied by the ’ . 
alf-panel length and divided by the depth. If this strain is divided — 
the stress per square inch fos for tension Ry we rhe the area in square 
inches. Multiply this area by = by the p, and and we 
ave the weight o of the first lower panel. 1G 
a am have then for the weight of the first lower panel 
10 (w, 3 +wy; ~ ws) Ps IN. 


In similar wa way we find th the of each and thus 


Weight of 1st lower p pane 


: ies, 1 we can easily find the weight of V lower 
‘Panels or the whole er chord: 
5 (wr (ws 12 + + wy) Np* (N 


“18 R, d 


‘ 


‘18 


where R, is 


— 
‘Take, for illustration, a Warren gi 
— 
— 
a 
— 
— 
— 
— 
- 
— — 
— 
4 
_ Ina precisely similar manner we find for the weight of t ne ¥ 
— We thu a 
ess per square inch for compression, We 
— 


We have then for full loading t the 


= area, ‘and the length 


Fight ot Ist tie 


The weight of N ties is then = = 


q and the w weigh t per of the ties, truss i 


manner for the struts we 


(wy + + ws +14) 


is the oe’ per square “inch for e compression, 
The total weight per fo foot i is, then, pe 


(p 


eT to the lower chord and tea, or all ten tensi 


— 
— 
rain in the first 
— 
— 
, 
* 
— 
— 
7 
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the ‘upper chords, and S tot the struts; hence =x 
(p? +44"), ,and S=1.5 N (p 


+ we + 


Now the strat in 1 com 


- 


Ts 


cross- s-section, and ca constant depending upon end 


‘= ihient is, is partially balanced by the fact ‘that we have found the weight 
_. of web for full load instead of partial live load and full dead load. Tt 


we 


increase as Ci increases and also as panel load increases, and 
for We ought to then, 


—— 
— 
mon use is, for the upper chords, 
= a4 q 
— 
— 
— 
— 
lm 
— 
— 
— 
— . 
— 
— 


— 
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+w3)pC. (w, + we + Ws 


where a! and bi ‘empirical constanta. ‘Thi 

is the one to be specially criticised. Upon it depends the accuracy y of ay. 
our formula. ' The results of the application of the formula are the best ba 
of the accuracy of this redaction, by which the strut 

ermal ia is introduced. — se values, we have finally, for the yi 


na. 


where a b are constants be determined by actual cases and i in- 


dividual design, for Warren girder, tn p (2 + 3 N 


d*, We find by comparison with actual examples a a = 45, b= 202. 


“We can easily determine A ee other types of truss, as given in the 


Replaci ing A by | its general val ue p? - differentiating and 


utting first differential e to we 


economic depth 


rate 


— 
— 
— 
>_ =< 
a 
aq 
| 
— 


FOR THE WEIGHTS OF 


J. L. Wappeti, M. Am 1. Soe. E—Iti is to me a matter of deep 


=. valuable paper in the manner that hesuggests. 

othing but sheer necessity would prevent me -complyi ing with 

er’ such a request; but at this season there is no time to s spare in the office 

aS _ of a bridge engineer, the great call for bridges making it ee: "I 

a Eta ‘However, as far as my table of weights is concerned, further adjust 


ment of Professor DuBois’ formula seems sepanennes judging by 1 the 


2 accuracy of most of the results in his table. 
Professor DuBois’ method of dividing into those for 
floor system, lateral system and trusses, is the most rational that could _ 


oy. Sy be employed; for the weights of these portions are almost independent 


"The weight of floor system depends upou the panel length and the 
amount and distribution of weight on engine wheels, 
weight of lateral depends upon the panel length and the 


=; 


weight of upon the panel length and the com- 


— i bined live and dead loads. The system of concentration of wheel loads’ 
the truss weight but slightly. 
There is, however, another very important affecting the values 

a these weights, viz., the specifications by which the designs are pre- — 
Until there is greater uniformity in general for 


q 


the subject of bridge. designing. Each one works too much by h 
; a and consequently fails to benefit by the experience | of the rest. In my ; 


z opinion there ought to be brought about, either through the American 
of Civil Engineers or a convention bridge engi- 


R eS for this convention, Phe for discussion being | sent to the committee 
: a months beforeband, and published in the engineering journals. Several 
5: conventions would probably be necessary in order to arrive at definite 
“ A conclusions. — At the first no decision should be attempted, but the 
a discussions should be taken down in full, , published and circulated. oe 
the n next meeting the discussions might be continued and recorded as. 
- before; then, before adjournment, a committee should be appointed to 


one or more sets of complete | general specifications. at 


— 
— 
4 
= 
Pp 
| 
— — 
= — 
— 
| 
— 
— 
— 
— 
= 
= 
— — 
— 
ae 
ii = 
The fact that this want of uniformity exists is po credit to our profes- 
— 
ba 4 
= 
@ 
@ 
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BRIDGES. 
nother ‘meeting, t these could be discussed, voted adopted 


wit ith the necessary modifications, 


Such a method of procedure would cost both time and money, but 
a 


- the results would be well worth all the trouble and expense. veal nas 


A. Gorrures, M. Am. Soc. C. E.—I have read with m such we 


es of Professor DuBois, about determining | the weights of ‘bridges, 
_ Sating the most eco nel lengths, ete. 
‘I cheerfully give credit to him for the sent, concise, and, I might say, 
‘ perfect deductions of his formulas, and the great accuracy achieved by | aR 
them in finding the weight of bridges. 
a T am sorry to say that the time at at my disposal di did not siete me to — 
test the formulas myself, on data in ‘my possession, but I accept Pro- 
fessor with Mr. tables of weights, and 


tific menner, with the employment of the least possible number of em- 


Pirical 


4 The ) questions that present themselves to my ‘mind, and undoubtedly — y 
to others, a ar are: What i is the } practical : value of these formulas, or will they 
4 ever be used to any great extent? Is there any shorter and more con- 
venient way toobtainthesame results? 
3 cB think there 18, at least as to determining tl the weights of bridges. 
- For what pu purpose /do we wish to determine these wi eights ? ? Foran aj 
proximate estimate to determine the cost of structures the formulas — 
2 given will do very well indeed, although for truss bridges they are too 
complicated for such a purpose, and there are probably other ready means: 


n hand for every engineer to use. For actual competition for w ork, Mr. as 7 
a DuBois himself states few engineers would be willing to use them at e 
the close competition existing. There remains, therefore, principally — 
; their usefulness in aiding to find the correct dead weight to be used i in -" 
calculation of strains in bridges to ) resist certain giv en live loads. As 
- far as plate-girders, or cross-girders in truss spans and stringers, are 
concerned, the formulas are simple enough, but are nothing more vale 
less than the calculation of the actual strains, sections and weights for 
the girders 1 for a given live load and an assumed general dead load W. 
For short girders this formula is accurate enough, but must be cor- 
rected for long girders, the flange section in the center being assumed to 
uniform throughout, which, of course, is not actually the case. The 
increased amount t of stiffness, and perhaps also thickness of ¥ web at 
ends, does: not compensate for the deficiency in section of flanges at the aa 
ends of long girders, say over fifty feet 


; cae As to the formulas for trusses, it is certainly a very laborious: tack > ee 


practical life from m using it it, ae 


— 
4 
— 
— 
— 
— 
fessor Du Bois has not only a clear understanding of — 
iii 
— 
‘ 
— 
4 
— 
.—l 
“a - im 
_ Geter engineers 11 


gest, is { to fener the strains 8 for the | live load ‘separate from those for the 3 


a 
is 


“very quickly done. Ww veight of floor, cros cross- and 
stringers, of course can be cet easily beforehand, as suggested 
Professor DuBois. 
ee As tot the finding of the most ¢ economic depth or height of trusses, 4 
panel lengths, ete., the formulasare valuable. But I submit for consi a 
a ie the fact, that ultimately that design is the most practicable & 
oS a _ which, when performing the same duty, is the cheapest, not alw ays the Z 
ee WwW hile the saving of material is the first object desired, with a yi 


— toj proper economy, we must consider also the amount of work reqired 
= for different designs, and the practicability of atatsing & the m material of 


such dimensions as the theoretic formula may “prescribe. 


that rational formulas deduced for purposes of generalization are more 
KS liable to give correct results within the limits considered than those 7; 
which are purely empiric; and that of rational formulas that =| 


will, , within limits, be the most satisfactory for general 


a complexity, and one purely empiric, or ca 80, may, of course, be 
‘more advantageous for general use. The e remarks on the plate- 
is formula of Professor DuBois are suggested by its application to a 
= number of actual weights of girders built in accordance with first- class 


modern bridge practice for engines pew Scans followi ing figures: 


4, 


a the reason for the use of an n equivalent otto load is wal 


in the deduction of the formula, and tables giving the 


_ to be comparatively cumbrous in this case, having no such tables con- a 
ay "structed; as whatever may be thought of the use of wheel concentrations — Ss 
a for truss spans of considerable length, the simplicity of the calculations, _ Ss 
Eas and the advisability of their application to bridges of this character, 
_ would seem to render the use of an equivalent uiform load in the actual 


“design: at le least unnecessary. will be noticed that this engine, although 
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— 
perience; or, if tried by an inexperi — 
OF | by an inexperienced party, by assuming a dead load 
itum, proportion the parts separate for dead-load and live-load 
d compute the weights of the structure thereby. If the result q 
— — 
— 4 = 
ee a 
| 
— = 
— 
— 
— 
— 


ducing given as as Class C by Mr. George H. in his paper 
4 = _ published in Vol. XV of the Transactions of this Society, approaches _ 
i & it more nearly than it does to any of the others for which he gives’ for- ; 
and it is proposed to compare the weights obtained by the use 
his corresponding equation with the ones found from that discussed _ 
here. In making the comparison, it is remembered that the ae 
% considered is more general, but the three given by Mr. Pegram differing _ 
bya constant w: would seem to cover most engines used in specifications at = 
"present. x The following ing table giving, for plate girder- -spans of 
fe twenty to fifty feet, the actual ee and those calculated by the two 


was a used i in both 


2 
3 


a 


| considerable number of other actual weights of spans from four- 
‘teen to fifty foot were also with those obtained by y thet use of 


a ith regard to the claim for aetna economic dept 


me that a formula, deduced as this one is by the use of an equivalent — 


load, and of a cross- -section. of flange not necessarily the mean, and 


which the assumption of a thickness of web greater than that generally x 
. ae used helps to make up for the weight not considered at the ends, can 
_ hardly be considered to give an exact economic depth, especially as 
Professor DuBois truly 1 remarks that a considerable variation 
makes slight difference in the 5 weight. ie regret that I have not sufficient — 
eS data at hand to apply the formula for truss bridges, but similar remarks ye 
would apply to it also. Itis not intended here to the results 


in "formula sufficiently simple to render their use 


— 
4 
— 
— 
| th, center to center of bed 
— 
hitsemsto 
¥ 
| 
; 
iii 
| 


J. Morse, M. Am. Soc. C. E.—I have found Professoe! 
DuBois’ paper very and think his formulas more closely 
ss approximate the analytical solution of the much vexed problem of the 3 
weights of bridges than anyI have seen. I think his method of making — 
separate calculations « of floor and bracing preliminary to finding the _ 
weights of the trusses is the correct method of procedure for deter. 
= an accurate formula, although more tedious of application, = 
he obtains is, however, only an approximation and not 
It comes nearer a solution because it includes, or attempts 
include, one more condition of the many involved, -viz., A the strat 
formule or varying unit strain. 
a ‘His formula for stringers is simple and accurate for the flanges and 
7 . web. The “details,” such as end connections, ribs and fillers, rivets, 7 
= are provided for by assuming the web to be one-half an inch thick 
4 - for all depths and lengths. The same formula applies to floor beams by : 3 
_ changing the uniform live load to suit their conditions of loading and 
to plate girders, deck or through, after first calculating the bracing and a 
floor systems, Whether this web assumption _ accurately provides for 
the details, we have 1 not had time to determine. 


The formula for the weight of truss is 


ae stant to be Acisindinn’ pet or rather two constants, on one for 
‘ upper chord-strut formula and the other for intermediate posts. These 
ot constants have to provide for not only the special peculiarities of design, — 
_ but for all details as well, including pins, lattice and tie bars, pin play a 
tiv ets, nuts, etc. It seems to me a clear case of overloaded | constant. © 
I believe the soundness: of the formula is vitiated by assuming thet 
the details (which by the way sometimes amount to 25 per cent. of the q os 
) can be provided for by these constants or that details are a con- 
_ stant factor of the weight. “£ know in fact that the details are a varying ~ 
‘percentage | of the weight of the principal parts, varying inversely as 4 Be 
The author derives from his formula for weights of girders and 
trusses, by the method of and minima, , the ‘most economic 
This most ‘economic depth "is based simply on “least weight of 
of the relative cost of material shop 
tion, of good proportioning, or other considerations. 
vor is interesting and valuable as far as it goes, but unfortunately it 3 ce 
stops far short to be of much use. think such formulas 


— 
— 
| 
— 4 
— 
— 
— a 
This strut formula is introduced by assuming a value for sq 
the radius of gvration, in terms of the panel loads, number of panels, 
— 
a 
— 
— 
| 
— 
4 
— 
= 
: 


every- serv vice, because they ane not ‘accurate enough for final 
estimates, and require too much labor for simply finding dead weights 
— The | economic depths determined by the formulas are excessively 
large, as might be expected. do not agree with Professor DuBois that 
q 7.7 feet is a proper depth for a 63-foot plate ginten, even though that 2 


Consider rations of relative prices of materi ials, « of lateral strength, of 


4 shop cost, ete., , tend to reduce this depth considerably. Iihse eons ea 
To get some some ond of the effect of prices of material in modify- a ay 


(W + 


per for angles essumed of 


angles). Lot pie 


Wiz. fillers, riv vets, € ete. be that of 
inch and multiplying each term by its: its price 


“assuming that (W, ) is constant, since it varies but little 

of depth. Differentiating and placing equal zero, most 
economical depth for minimum cost of — 


Applying thie formula and the values in Professor 


é uBois has ingenious y devised are useful for an analyticll 
| discussion of general laws governing weights, depths, etc., for 
® — 
4 | = 
— and introduced constants for the prices of angles, plates, ete, 
— 
— 
the web and _detai the weight of the flanges and the second 
a 
— 
and fillers, rivets, etc., are included with the web, it will be a close ap- 
proximation to assume that the proportion of plate to other materials 
— 
— 
— 
— 
q 
— 
> — 
2 

— 
4 


Panel Ria Uniform live load | Economic depth Economic depth ae 


ne stringer. | land least t weight. for least cost. 


84 500 


» application of the same formula t to an 1 80- foot plate ¢ girder, under’ 
} same loading, calling (a) the average price of the plates and angles com- 
_ prising the flanges, and again assuming the wide web plates to cost ten a 
+ per cent. more than this average, gave the economic depth 101.8 ‘inches, “Se 
instead of 103.4 inches as given by Professor DuBois. 
These results show that the orice of material as far as girders 
I 


of the of Du Bois’ formulas to the 
ea mination of the actual weights of plate-girder bridges and their economic ; 
. ie depths, I would like to mention a few facts in regard to the ) original « of — 
i “3 the 104-foot span upon which the author has based considerable of his — 
ty _ comparison of Mr. G. H. Pegram’s formula with his own, and to the 
design of which he takes exception. 
_ The original of this 104-foot span 1 is on the line of the Chicago, Mil 


waukee and St. Paul Railway, having been built about ten years ago 
and was probably one of the first of a style of through truss bridg 
_ which has since been extensively adopted by engineers of this country, — 
 < especially for spans under 200 feet. The point made in the design, and é 
which especial excellence was claimed is the riv veting of the floor- 
beams to the posts, above the bottom chord, thus forming, with the to a 
= and knee-braces, a rigid resistance to any overturning effort at 
each panel point. In order to accomplish this, 24 feet was the minimum 
— of truss permissible to o allow the proper clear height for safe pas 
sage of trains, It will be seen from this explanation that there were 
= considerations than that of the least amount of iron in aa struc- 


ture that determined the Lpenpar depth of truss to be used. — 


— & 1.10, m=1.075, and 
— 
37 
— 
— 
— Be depth, but amounts to enough to be taken into account in an analytical 
— a formula. If now an expression for ‘‘ good practice” could be intro- 
duced into the formula, and another variable for ‘‘shop cost,” and — 
other for ‘‘ cost of erection,” a resulting ‘‘ best depth” might be 
tained. All these conditions must be fulfilled in economical designing, 
and therefore ought to be contained in any analytical formula proposing 
ive ‘‘ the most economical de _ — 
— 
4 
& 
— 

— 


Actual. formula, Actual. Actual. 
14 035 15 104 
be 22 328 32 | 3591 997 
14 5 33 324 - 4 536 1053 
$694 35 768 4601 | 1269 
15 43 422 


Width ©. to 28 


depths in the fo formula were the actual depths 2 as b built, ma 


<a 


: For: 41- foot span, 42 inches; 49}-foot span, 50 inches; 
60 inches; 63-foot span, 66 inches; and 68-foot span, 70 


Weight of Veight o 


volts. 


Actual. Actual. Actual. 


16122 1263 18 930 12, 
7396 885 9 340 — 
17020 2820 19 828 
“8082 «2150 | 10 026 = 
Spans a and } b were Bagg for flange sections based o: on m the moment 


Table No. comparison of the actual the 
3 formula weights of a few plate- -girders built 1 for ' the Chicago, | Milwaukee 
and St. Paul Railway some ‘years ago, w hen the live load inj use for 


of this class was 4 000 per lineal foot. The type of these 


| = = BRIDGES. _ — 

| 

inches. 
— 
— 

— 
— 
— 
4 
— 
4 per square inch; spans c and d were figured with depth 
‘theweb, 
4 


_ This floor, with the rails and guard ak is assumed to weigh 700 
pounds per foot for width, center to center of girders, of 14 feet, and 800 
pounds per foot for width of 15 feet. 
Table No. 2 I have shown a comparison with spans proportioned 
ar in accordance with our “present “practice, in which the live load is given : 
= by Mr. G. H. Pegram in his Class T, with a percentage added for mo- | 
mentum of 30 per cent. for spans under 25 feet, and, in proportionto 
at length of span, up to 8 per cent., for 80 feet. In all the above girders 
as the web is considered to have no part in resisting flange stress. It will 
“a be seen that the formula weigh ts are less than the actual in all ‘cases. 
= Let us now proceed to an analysis of the Soveonion end and see if we om be 


with wooden floor, shelf- -angles. bearing 
Professor DuBois by assuming the first item:to be uniform thr 
ce in out the entire length of the girder, and the second considerably at 
excess of the average practice, presents a formula for the total weight of 
_ ‘the girder 1 in which the third item is entirely disregarded. It would ap- 


pear from ‘this: ‘that the reliability « of the results from the formula de- 
= on the balancing of excess and deficiency. Can such a formula be : 2 
_ termed rational, or relied upon to give accurate weights. 


The empirical the weight of the would 


Bracing for 60- foot weighs 5 201 
ee Again, it will be seen on reference to the application of formulato 


a ee 63-foot span in Professor DuBois’ paper, that he makes the weight ~ Bp 


of bracing for that span with iron floor-beams and. stringers to be 3 067 : 
> pounds; in the table above presented is a 63-foot span, with wooden | 
an eC ‘floor, in which the bracing weighed 5 387 pounds, of which 4 115 pounds Ss 
was the weight of cross-struts, which wo would be replaced by the floor- 
"beams j in a design with iron-floor system, leavi ing but 1 272 pounds for 
a the weight of diagonals. Here again it would seem that the method 
eS employ ed by Professor DuBois is but an approximation, and cannot 
- close results. ‘Were we to: consider the total weight of the strpetere, 
a - another item of weight would seem to be neglected, that of bed- a 
j eee expansion rollers (if used), and anchor bolts. ‘Inthe 60-foot span re- q 
to above, bed- and bolts 1 053 


— 
4 
— 
— 
— 
: 
— 
— 
— 
— 
ie Se — o be only adapted to some one style of design. This can be illustrated = z 
an example showing the actual weights of bracing for two plate- 
— ee bridges, length of each 60 feet, one deck and the other 
a 4 
— 
— 
— 
a 
— 
oso 
— 
A 
— 


DISCUSSION ON W RIGHTS OF RIDGES, 
While. agreeing with Professor DuBois in n the theory that the: 
ry - mulas for weights of bridges should be rational, I disagree with him in 
_ the method of deriving such formula. To produce reliable results by _ 
any such process as used by Professor DuBois, the much discussed 
of "proper thickness and ¢ stiffening of web plates must be intro- 
_ duced. The absence of data on this point on which we can base con- 
elusive deductions, leaves this question open to individual constructions, — 
giving rise, as at present, to considerable variation of opinion asto both 
i _ the thickness of web and number of stiffeners necessary to a properly -@ 
designed plate-girder. Now, as this as yet unsolved problem appears | to 
be a stumbling block in the way of a correct for mula based on Professor ete , - a 
os DuBois’ methods, can we not find some equally as rational a method ss 
that will not call into’ play this obstacle. Adopting as a method for 
computing live-load- stresses a uniformly distributed load which will 
_ produce a center moment equal to that from the worst position n of wheel | boa 
loads, and from this center moment proportioning the material in 
te flanges according to the law for uniformly distributed loads, the weight — an : 
ee of the material i in the flanges of a girder s should t bear a constant rela-— ela- Bas? 
tion | to the bending 1 ‘moments, which latter c can an be. expressed by ‘a para- oS 
bolic curve. The weight of the web, stiffeners, bracing and other com- 
_ ponent parts can be expressed by an equation of a line founded on aa - 


=| 


ay 
of the proper functions of length of span, depth of girder, 


an width of bridge and assumed ed wind load. Having now ‘component 
wW veights of the structure ire represented by the equations of two lines, which — — 
. may, from the analysis of actual bridges, be accurately platted, it but = : 
_ ue remains to combine the equations into one in which all conditions affect- _ 
; ented. for this method 


- 


is to farnish which will be of service to bridge-builders i in 
the weights of bridges i in advance of detailed calculations, 
which will give results” agreeing ¢ closely with ‘such | calculations, 
hoped that the author will kindly consider the followi ing re. 
_ Tam alittle in doubt as to what he intends his formula (1) to +e 
se pre _ Judged by his demonstration it represents the w an of the 
ate web of a to which m must be added t the 


_Tepresent the entire weight of iron-work, exclusive of wind 
and "ae a masonry plates, and we presume this latter i is his intention. — ; 


hould be to any. it 


— 
formula is deduced Wil be Dy this method. 

— 
> 
— 
— 

— 

— 


"DISCUSSION ON oF 1 PRIDGES. 


verse 


and this, IT believe, is sall that the author claims for it. 


(Second.- —Half-inch thickness of web. 


es ia the specifications. In the table following formula (1) are compared the © 


Rivet. —Flanges of uniform section. 


Third.—Effective depth of girder identical with of web. 
Fourth.—Length between bearings identical with total length. 
ifth.—No loss from rivet-holes in tension flange; and 


Sixth. —No allowance for the effect of web i in flan € an 


‘The first ssvemption is not correct in light the 


second only in very heavy or very shallow ones; the third only in heavy | 
FL i girders; the fourth only for track stringers and floor-beams with riveted _ 
pe connections; the fifth is never correct; and as for the sixth, this is gov- — ’ 
; ae erned by specification. But the writer has never yet been able to under- 
; = stand how a plate c can n be ‘securely riveted betwe een two angles and not a 


- simple; ; must consider the conditions : about as s they are; ; and must meet 


zy ~ formula weights and what are said to be actual weights of girders for q 4 
% 


_— Spans up to 80 feet in length. - I do not understand how these actual 


ae weights can agree so closely with the formula, unless either the sam same 


methods were used in the calculation as were used in making the formula 
pe or by the chance balancing of errors. It appears, however, to agree — Be 

: _ prisingly well i in some comparisons made by the writer with a actual esti- 
-mates when the web is omitted in flange area and a liberal provision is 
made for stiffeners, and it will undoubtedly answer the purpose for 


approximate estimates or for assuming dead load preliminary to esti- 


7 sae in careful estimates, and which will give results agreeing as a 
with such estimates ‘as those made by different computers will 
agree. with each | other, a and if weight and cost only are are » required, further | 


W e will proceed to give such formulas, weing the followi wing 


length « of girders from center bearings. 
length of span over all. | a 
distance » from center of girders to to conte of in through 
1, depth of web. — 
§, mean stress per square inch in flanges. 
A, area in square inches of two angles in either ac and such 
plates, if any, as extend the full length of girder. 
_W, weight supported per lineal foot of rail, 
w, weight per lineal foot of flanges necessary to support WwW. a 
weight per lineal foot of girder due to web, 
w2, weight per lineal foot of girder due to stiffeners. et atl 
 & weight per lineal foot of a pair of stiffeners, including fillers if 


— 
4 
— 
— 
i 
re: 
— 
4 
— 
“a 
; 4 
4 
= 
— 
— 


on WEIGHTS OF 


piscussto 


anges web and stiffeners. 
‘This is usually governed by the specifications fo for rivet -bearing, ame 


_Wpxpitch 


pa 12d x (diameter of rivet) x ing per square inch) 
Very few "specifications allow less than 12 000 pounds per square 
inch diametrical bearing, and assuming j-inch rivets with a augue . 
itch of 3 inches, t the required nae of web in inches will - 
ined 


‘ twill rarely. 


a Second.—Girders having flange angles of uniform section, and flang 
_ In either class the web may be omitted in flange area or be allowed ; 
its proper value. The first class is used for track- -stringers, floor- Pale 
beams, and spans up to about 35 feet in length, and the second class for Ms 
longer spans. The longitudinal section of flange plates of uniform — cee 
- strength 1 is a parabola, and to provide for the usual extension of plates = 
beyond the theoretic point, this will be considered to have a length equal a 
to that of the girders between bearing points. Allowing 12} per cent. ie 
loss of area in bottom flange due to rivet-holes, and 3} pounds as the 
eight of 1 square inch of iron 1 foot long, we P 


plates of uniform 


d 


—Web omitted in flange area of ur 


—— 
— 
— 29 
— 
3 
— 
a 
— 
— girder with flanges of uniform section 
a i Longitudinal girders v — 
Cross-girders with flan 
niform ecctionorof 
niform section orof 


DISC USSION 
Ww eb in for girders of ‘uniform 
<e3 Asi 5 of web is included in flanges, ; only must be added, or w, = 
3.—Web conden in flange area for girders with flange plates of 
oe As the formula for flanges considers the angles only of uniform sec- x 
_ tion and the balance of uniform strength, and as the web is of a 
uniform section, 3 X of web is ided for in flanges and 1 


must be added, or w, = 31.11 td, 

Weight per lineal foot (w, ) of of girder due to stiffeners. (Omit in floor- 

beamsandtrack stringers.) 

_ The following formulas provide for extra stiffeners at the inside | edge 


5x depth. of 


Average distance, 1. 0 x depth o of girder, 


Average distance, 0 0.7 5 x de net of ia 


= 
Weight per “lineal foot (w;) 


 1.—Deck plate-girders, with seat ties resting on the top flange of | 
girder. For bottom end and masonry plates, web splice plates, cover 
plates, anchor bolts, track bolts, rivet- -heads, end bracing, cross- ancien 
r _ bracing, one system of lateral bracing, and all connections. 


= {3 22.0 pounds for girders having no flange plates. 
oS by 26.5 pounds for girders having flange plates. — 
“ada 6.0 pounds for girders top and bottom. 


2.—Through plate- -girders, 1 with cross-strats 5, evone-ties 1 resting on the 
‘bottom flange of girder. For bottom end and masonry plates, web splice 
4 plates, cover plates, anchor bolts, track bolts, rivet- omenen, lateral ee 


lateral rods, and all connections. 


Ly 20.0 pounds for girders having no flange 

Ada 5.0 pounds for girders having flange plates. 
—Through plate- “girders, with iron floor-beams ood or 


~ 


, 
= 
— 
— 
— 
— 
» 
— 
— — 
— 
— 
— 


5. 0 puunds for wooden stringers. ae. 

3.5 pounds foriron stringers. 

Add 5.5 pounds if stringers have aes. plates. a i: 
“Add 4.5 pounds if stringers are braced laterally, = 


(Omit if floor- -beams are used at ends. 


_ For end struts, stiffeners, rivets, and all connections of end s 
‘main girders and track stringers. 


for wooden stringers, 


3° fo r iron stringers o on top of floor- beams, : 
for iron on side of floor- beams. 


C. —Exp Froor-Beas. 


end stiffeners, rivets, and call, of end floor- b 
‘main girders and t track otzingers. 
(560. 
— for wooden 


1 


B.—Exp 


— iron stringers on side of floor- beams. 


_—InTeRMEDIATE Foor-BEams. 


or stiffeners, rivet- heads, and all connections of intermediate ‘floor- 


= (N N--1),.. 


for 


) tor ir iron stringers on ers on top of floor-beams. 


‘Lone formula: 
tion, not only as to unit stresses, but other conditions of calculation, lak 
will the w of with the corr ectness of careful esti- 


— 
= 
— 
4 
— 
— 
_ a 
— 
— 
— 
4 q — 
ia 
anchor bolts, lateral bracin A web splice Mites, cove 
(19.0 oral beacing end rivet-heads, lil cover plates, = 
— 


DISCUSSION ON WEIGHTS OF BRIDGE 
quire no calculation, and the formulas for the value of (zw) are certainly — 
simpler and require less la labor in| than by 


web and flanges. . The ‘slight ‘effect due to end stiffeners, and in “some. 
- specifications to intermediate stiffeners, will, for the sake of simplicity, | 


be meglected. | 


We will consider ‘six general cases, as follows: 


—Longitaainal gi of uniform sec en, omitted in flange 


(23 


area, 
=2.361A4+—F —as — +40id, (17) d d= 

with flange plates of uniform strength, Ww web 

59038 Wie 59038 Wie 

7 


26.6778 


W it will be seen that tthe depth varies s greatly with the condi 
tions assumed in the calculation. Eor take a 60- span W= 


ea Case 2, d= 


| (60)? = 


— — 

tz = 
Long 
= 
= 
— q 
lm 4 
— di 
— 
— 
— 
a 


2 310 ) Xx 60 
= 6.0 feet. 

i ieee which i is based on only one con- 


dition of malice, and that one seldom used, exce —s for short spans, ei 


the lightest girder is not the cheapest one, which we can best. 
"illustrate by an example: Take a 60- foot span, Case 4, data as above. ei! 
j ‘The most economical depth by formula (24) is 6.8 feet. This sal 
_ slightly less material in web and flanges than any other depth, but when — 
= the cost of workmanship is considered it is found to be much too deep. | 


“the i increase in cost for punching, assembling, riveting and handling, is 

quite considerable. This will vary in different shops, but the average — 
ee be taken about as given in the following table, showing the effect 

of workmanship o on the economic depth. ~~ will be seen that although 
4 depth of 6.8 feet is economical in material, a depth of 5.5 feet is most i 


_ be considered practically independent « of depth, but for | greater depths a 


PER LINEAL FOOT OF SPAN. 
sof Relative cost 
| eost of work | per lineal foot 


pounds, 


m most economical I depth of when known | cannot alw 


Professor DuBois in his example of 63- foot through plate >a 7 
vas uses a track stringer 25.8 inches deep. Such depth is seldom FE “ 


allowed to exceed 18 inches, and it is is frequently found necessary to linrit 


the depth to 10 or 12 inches, so practically formulas for economic depth — 
- Bae A careful estimate of the 63-foot through plate- girder span taken as ia ; 


an example by Professor DuBois, using the same loads, impacts and unit yi 


Track stringers and track bolts . al 79.8 

Floor- beams and connections . 


Total iron-w work 


_ For depths of about four feet and under, the cost of wor rkmanship may , ce 


— 
— 
Ly 
| 
d 
— 
— 
— 
— 
= 
| 


q 


‘rack bolts, 


DISCUSSION OX Ww VEIGHTS 0 OF BRIDG 
The: results by the writer's formulas are as follo 
rack stringers 5 


~ 
(Balance 


4 


( _ us. 1b 


connections, 
= 


330% 3 


@)=124.4 


per lineal foot span. 


The results obtained by! Professor DuBois are as 
Track stringers 165.1 pounds, 


a 


‘Total i iron- work ‘per lineal foot of span ‘964.50 a a 
on The total w eight g given by Prehener DuBois agrees quite closely with | : 
the and if his later al had been in at about twenty 


often happen, as follows: 
Actual, 
“Track stringers. . 179. 4 


Day We and Ws should be tabulated, then the only ones requiring cal- 4 
eulation are those giving values of w (5, 6 and 7). In these, W, w 
represents = total w ss supported per lineal foot of rail, may, in ad- 


> 
— 
— ~ laterals, 
— 
| 
| 
but it will be seen by lancing of 

detail that Prof. DuBois. — 
— 
— 

— 


ioe assumed | weight of iron-work, or the weight exclusive of iron- work - 


| ae as may be preferred, and if the assumed weight varies ‘materially from 


the actual weight, corrections can be made as follows: 


F = Weight of flanges due to W. 

D = Difference between assumed and actual 

Let C= Correction in weight of iron-work. 

Then + (D+ C) = correction of assumed load, and + (D + ss 
correction in weight of iron- -work, or ea + Dai 


“portance whether the load W be assumed or not. 
sg I regret that I will not be able to comment on formulas (3) and (4 ) for 
bridge trusses | given by Professor DuBois, as the time and space sai 
ees} in the consideration of his formulas (1 (1) and (2) for plate- -girders 
‘: JILLIAM M. Hue cues, M. Am. Soc. C. E.—I have tested the formula 
; given by Professor DuBois for. obtaining the weight | of iron bridges 
q b ‘aly These bridges, except the two double- track spans, were calculated to 
load of 2 000 per foot, er the double- tenck op spans 
a load of 2 400 pounds per foot for each track, including engine load. __ 


For w, w;, and w, + + ws, the values are as follows: 


6 147 1 450 1 430 
23 1800 1 784 
= : 184 200 142 150 
= 1 1350 1325 2400 2 400 
For w, I have the of the cross- nad 
_ stringers, which vary somewhat with the same panel length, owing to 
Bf. _ the fact that more or less was allowed for impact according to the loca- 
tion of the bridge, with reference to the liability of running ata high of & 
or low rate of speed. I have taken the floor, track, etc., at 300 pounds 


per foot, which i is in excess for for ‘the of floor on 


‘mula for girders I found it to give 1 700 pounds for the weight of across 

girder, whereas the actual weight was 2 200 pounds. In applying this" 
a _ formula it requires entirely too much labor to make it of any practical 
value. This also seems to me an to the formula 


— 

&§ 
: 

3 

- 

= 

— 

iii 

— 
— 

4 
agnsiderahlv lece than the formula wanld cive In annlwino the 
; 
— 


the weight of the any engineer makes a of 
figuring bridge work has, or can easily obtain, the weight of structures _ 
already built, and can thus assume dead loads sufficiently close that 7 


will scarcely ever be obliged to go over the calculations the second time, 


formula, 


“Weight 


405 
025 
59 470 
80 430 
106 650° 
133 110° 
148 830 


| 192 096 
232 800 
229 200 
247 


Th. 


The 142- foot span weighed somewhat more than it should, ow ing g to 
: - the fact that the same section was used for the floor-beams and a 


Gerorcr H. Pecram, M. Am. Soc. C. E.—I desire first to corvest Pro- 
fessor DuBois in his statement that in double-track spans ‘‘ Mr. Hughes 
found 51 and 59 per cent. deviation from Mr. Pegram’s formula.” 
‘The facts are these, that for double-track spans I suggested adding s : 
_ per cent. to the weight given by the formula for single track. Mr. 
re Hughes showed the addition as 51 and 59 per cent., making the deviation a 
20 and 16 per cent. respectively; quite bad enough, however, if true. In 
replying to his discussion, I endeavored to show that his conclusions — 
_ were unreasonable on the face, and that the weights on which they were — 
; based s showed discrepancies among g themselves sufficient to destroy their 
= a value as standards. Professor DuBois has doubtless been led into this 
oe error through Mr. Hughes’ table, in which the additions for double track — 
are put in the column of “ differences” for single track. a 
*& In commenting upon his formula, based ans a constant limiting 


a 


: . = then, is a simple formula made off hand which satisfies well 

me . the entire range of all Mr. Pegram’s examples quite as well, in fact, Bs 

Now the only formulas which I presented wer were for the entire weight 

of the bridge, while Professor DuBois’ formula is for one truss. Com- — 
paratively a simple matter and quite a different thing. _ cements e 

fall text of my of his is this: “The 


— i 
— 
— 
“| 
| | ww | 
Tron, | 6 3 | 4 12 6 | 29860 — 
165 Whipple. Wood. | 27 0 15 895 
4 142 | Pratt. | Iron. | 27 0 | 7 2 229 700 
— 
— 
—— 
q 
— | 


results for girders are all that could be asked, * * neither 


the girder nor truss formula gives proper variations for r different depths ja 


Professor DuBois seems 8 to have entirely abandoned the | truss forn mula i 


The average weight ‘of his locomotives per | foot of track is 000 
heed and of his train, 1 920 pounds. In the “ Class T” loading these — 
eights are respectively 
a While his engine loading is slightly heavier, his train load is very is 
much lighter, in fact it is but little more than half that now running on 
some roads. The result is that in small spans the difference will be 
very small, but it will rapidly increase with the span; for example, “a 
400 feet the equivalent loa load for Class T will be 800 0 pounds | (about 36 per . 
ent.) heavier. Professor DuBois is quite right with regard to x my 32- 


foot span; the disputed weight should be 352 206 pounds, which agrees 


almost exactly with hisformula weight, 


4 The ‘special merit which Professor DuBois claims for his formula for 


length, depth of an and style o of truss, and is a reliable guide 


indeciding upon these elements. 


He gives a number of examples to show the accuracy of the formula _ 
‘in giving total weights, which are quite satisfactory as far as they go, 


but equally good results over the same range could be obtained with nd 
, s purely empirical formula. There are no examples of different styles — 


of trusses, none showing the effects of different panel lengths, and only _ 3 : 
one for different depths, the 255}-foot span. The w weights of one truss ie 


_ of this span are given for depths of 29 and 38 feet, all other “conditions: 

being the same. It should thereforebea good check. 

ii, The difference between the formula weights, it will be seen, is - 
p38 671 pounds, and that between the actual weights 10 613 pounds, — 
the formula 57 per cent. in error, 

will be ‘interesting to check the application of the formula for 
- different panel lengths and for the combined effects of different depths bs 
and panel lengths, and to this end is submitted a study of a2 2554- foot A, 

‘span | with twelve combinations o of panel length and de pth. 
- ditions are practically the same in all these spans, only such ch 
_ being made in the construction as would occur in building them. — egies 
_ The live load assumed in calculations is two 86-ton Pennsylvania 


‘Railroad « consolidation engines followed by a train in weighing 3 000 pounds 


foot, with the usual additions for The: stresses are 10 


—— 
4 
iii 
of 
LEGAL | 
formula which he substitutes for it, after first calling attention to a 
fault in his proposed live load, which he says is: somewhat in 
| 
= 
— 
| 
— 
4 — 
@ 
— 
posts by the usual Bouscaren-Rankine formula. The wind pressure 


pIscussioN ON WEIGHTS OF BRIDGES. 


strains are taken at 50 per pony greater « stress than given a = 
truetion: The trusses a 


cons 


‘Regarding the 


ties of the 14- a spans for ge of 29 feet and 32 feet are in one 


PANELs. 


Ten panels of 25.55 feet: 
Top chord 
Bottom chord... 
End posts 
End-post struts........ ........ 
Com. posts and 
Diagonal ties ...... 


Portail and lateral struts..............- 
Lateral rous ..... 
All other iron 


_ Twelve panels of 21.3 feet: 
‘Top chord 
End posts.. : 
Com: posts and suspenders* 
Diagonal ties ........ ove 


Stringers 
Portal and lateral struts. 
Lateral rods... 
All other iron.. 


span 


“| 12500 


= 


% 


al 
are Whipple; the diagonal 


84139 


380 
74 746 
35 979 
3 484 
146 
60 112 
10 000 


137698 | 


125 968 
90934 


81 548 
34771 
3376 


29 : 

59 681 
75 380 
275 

14 591 
11500 
12 500 


365 424 
15 380 
95.975 
10 201 


me wow 


; 


en 
343 


138 664 
90720 


30-708 


222 
75 265 


61321 


| 12000 
704 


62 416 


28626 — 
11 867 
11 060 


56: 5 
62416 

28 
9y7 
11924 
500 


342286 

624160 
28 626 28 626 7 
057 | 


11 870° 
| 500 


499 491923 482.028 


a ay 
82.87 5 
29820 
3219 


200 


59 129 

10 560° 

984 358984 | 353729 

51 748 748 

81.333 31 333 


Fourteen panels of 18.25 feet: 
chord 


Bottom chord 


133 7 33 


91307 
28 083 
44752 
= 
10 


End-post struts 
Com. posts and suspe 
Diagonal ties .. 


Strivgers. 

Floor-beams 

Portal and lateral struts 
rods 


= 


13 18 463, 
11 986 12 990 
12500 | 12500 


— — 
is taken at 30 pounds per square foot on twice the surface of one truss, 
— 
— 
— 
108186 
15476 
— 
— 3180 | 3294 413 
59656 coss2 | 
12000 | «1200000 
692200 
3 Total 481 708 478 993 
*The hip suspenders are made stiff, similar to posts. : pl 


DISCUSSION ON WEIGHTS OF BRIDGES. 
length; those of the other spans are in two lengths, but the pin does 
not pass through the post. The top struts are lattice girders of the 
depth of the chord. In the 29- foot depths are with the 


between the and diagonal ‘between these and the top 
‘The item “ all other iron” is made up of bed-plates, 4524 pounds; end 
shoes, pounds; rollers, 1220 pounds; and bolts, washers, loose 
_ rivets, ete., 2500 pounds. A prototype of of one of these spans actually 

Some interesting relations a are shown in these is evid 


The following table” gives the formula weights of 
a truss of the four extremes of the above table. The first two are 


those of Professor DuBois’ tables, previously In all cases 
4 oes 1°4 945 


10 “ 182712 
164.060 


ee have seen that with 14 \onialin and depths of 29 and 38 feet, the 
ormula is in error 57 per cent. in giving the difference in weight. For a 
a depth of 38 feet, and 10 and 14 panels respectively, it is in error 100 a 
a per cent., and for a depth of 29 feet, with 10 and 14 panels, the error is 
too large to consider. Comparing the 14-panel truss, 29 feet deep, with — 
the 10- panel | truss, 38 feet deep, the formula is in error 78 ‘per cent. — 
With ‘such results we are led to ‘hether the for rmula i is a 
Professor DuBois has rendered an to this qulte easy by i 


depends 
_ It will be necessary, I think, to consider but one of these vital equa- 


(wi + ws + ws) p 
a 
a ‘This equation has s no rational basis. It is an assumption in justifi- 


cation n of which Professor DuBois : appeals to the results of the application : 


of his formula. an appeal | be admissible i in a purely em- 


4. 


| 
| 
4 — 
4 
— 
— 
a 
4 
| 
im 
4 
q font that changes in denth attect the y im. 
iia 
— 
a 
im 
4 — 
— 
— 
SPecial Criticisin UPOR His equations for the Value OF the square oF 
— 


oN w ‘RIGHTS oF BRIDGES. 


checked. @ isa constant we can substitute the of the 


factors and see how “constant ” it is. I shall take a few spans that 
have been used in the paper under ‘discussion. 


"The foot and 150- foot spans Pratt, and the 2554- spans, 
Whipple. In all examples = 8 000, and r,* is taken from the strain 


4 


10 


sb Such variations in the value of a’ would seem sufficient to seriously _ 


affect the of the general formula. Its aim is and I 


Da uBois has shown, na I hope it will ‘be modified to give nice differ 


_ A formula which would take into account variations in panel lengths — 
: depths would be very interesting and valuable, bat: wouls probably a 


_ the outgrowth of sharp competition, will always be the best criteria of a 
although they may not be of and the engineer 


would prove the neat. de would also be the best, except for the 


‘other considerations than w eight entering into the pr problem. 
is fair to assume that the proportions adopted in practice, which are a 


flat inclination of the diagonal ties, to which there seems to be a growing © 


can see and constructive reasons ” limiting the panel 


| 
— 
| 193 | | 860 
— 
a bridge might naturally be expecte 
3 be taken as a measure of economy. It is quite probable that the heaviest 
— = 

— 

‘rue 4 


to 25 feet, as Professor DuBois Within the few years 
: a some very excellent bridges have been built with 30-foot panels. tm .* 
measure I agree with him in limiting the depth. 
Mr. T. C. Clarke, M. Am. Soe. E., in his discussion of Mr. 
_ M. Wilson’s paper, ‘‘On Specifications for Strength of Iron Bridges,” 2 rs 
in Society Transactions for June, 1886, gives an excellent epitome of " 


« the principal improvements in from which 


“ Improvements i in design. 
a, 2. The 1e general use 0 of long panels. ‘whe 


These lines contain the essence of in bride es. 
4 g 


are invariably longer he has provided for, the posts a 
foot or more longer than assumed, and the eye-bars requiring from 16 


” inches to 6 feet additional material for the formation of the eyes. . Does 


_ Professor DuBois’ m 
“feet and under, will not produce 


dent i in weight, but not in moment, th 


H. Tuousox, M. Am. Soc. ©. E. formula is (fL C) = 
weight per lineal foot of girder i in pounds where 


Lis the extreme length of 


is a factor, with loading and unit stresses allow ed. 


Gin deck plates covers lateral and vertical sway, including ends, and ie 
| is uniform for on 20 to 8 80 feet. et. Tn through plates: it covers s laterals, — 


‘riable i in weight, depending upon the specification for loads, and Lace _ 
For heavy ] plate work I use C= 60 pounds for | deck-p' -plate about 
three hundred and eighty pounds for through plates and the girders 
stock, with weight correspondent to the following val values of of 


L=25 feet, f= 16.0 decreasing 0.2 per lineal foot each 
foot i increase of L, making f= 11.0 at L = 50 feet. 
» af ter L =50 feet, SF decreases at the rate sof 0. 1 for reach fot i increase 


formulas for weights of wees bridge are misleading, 


— 
= 
— | 
rotessor VubDols Das caicuiate 11s weights upon a theoretica 
— 
— 
7 )60Clti‘<‘i‘ééTTVVV percentage of increase due to this I think would be qu om — 
— 
— 
| 
q 
— 
— 
— 
— 
= — 


a that it has not ooourred to him to state whether I am correct in 
x _ -asserting that the numerator of the strut formula used by him was taken a 


with a sliding factor, in accord with the expression I have used for it. 4 3 
If this point had been decided favorably, I should be justified in  claim- ss 
} “ing the agreement shown in the comparison of the formula with his re- 
sults. As it is. I can at present merely call attention to the agreement — 
rep ey The other points alluded to by Professor Waddell are certainly of 


sufficient sere to warrant discussion, but not in the present con- 


‘such as s depth, panel length, ete., , that I presented them. 

The main points to be decided are the reliability, scope 
ality of the formula. . Ido not present them, as several seem to suppose, __ 
as being specially quick of application, although I do not think they will — 

; be found so tedious or time-consuming as to render them unavailable, 
“My object was to present formulas which should be, so far as possible, 
rational i in form, and which, if — to be accurate, —- serve as 


: =) points a are e satisfactory, there is no trouble, with the aid of sane tables, 


: : =. in using the formulas at all comparable to the labor which would other: 


be requisite to properly settle the same questions. 
_ The point made by Mr. Gottlieb and others, that the “best . depth,” 
properly so called, is that which is cheapest, not necessarily that which ; 
is lightest, is too sound and obvious to need comment. B But it seems to i ‘= 
me that the proper basis for ‘settling upon the one, must involve the 3 
nant determination of the other. Such a process as Mr. Morse has employed, a 
sould indicate that the modification of depth due to price is but little _ 
i. for plate girders, and moreover that it is a nearly constant percentage. — 
If such a result could be satisfactorily - established, a formula which 
goes directly the one depth would be a practical solution of the other. 
I think, however, that Mr. Morse has not satisfactorily taken into ac- — 
. count the item of labor, and that such a method as that employed by a 
Mr. Thacher is more to the point, where the increase of cost due to 
_ depth is considered. Here again the basis of the solution is a knowledge 
of the “ lightest depth;” and a formula which will give weight with suffi- 
elent accuracy for different depths is therefore very desirable. _ a 
Let me first discuss this point of accuracy So far ba the various com- 
parisons enable me to do 80. 
i Professor Ricketts has given a comparison of ies of the formulas ae 
for plate-girders. Unfortunately, not enough is given to make the 
parison in any sense decisive, or to justify | his conclusions. Only th the 
depth, ‘weights and locomotive ‘system appear to have 


— 
J. DoBors, Jun, Am, Soc. C, E.—I regret that Professor Waddell 
= 
— 
— 
for the discussion of some of the important points of bridge desion 
4 
— 
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DISCUSSION ON WEIGHTS OF BRIDGES. = 
ainly known. The other data required by the formula are, x ; 
understand, more or less assumed, and may or may not be in accord | 
with the actual cases. Of course I presume that they are assumed toler- = 
ably close, but so are the results also; and the main point is still unde- — a 7 


plate-girders it would seem rather small. Ifaformula depending on 
= many data is not tested for the actual values of all the data, the results _ 


dence, under the circumstances it would be pretty clear evidence not 
- for, but against the formula. As it is, judging from the results of other 


very important exception, the actual data have been inserted in the for- _ 

i mula. If we use the actual weight of bracing, and leave out the bed- 
plates and bolts, we have the following results | 


q 
Formula, | actual, =| 


83576 

36 694 


| 26308 26 178 


_ The agreement here is as close as could be reasonably expected of any _ 
_ formula. The variations, and especially the fact that all the weights of 
_ girders alone are less than the actual, would seem to indicate variations 
in R anda somewhat smaller actual value for R than that used in the 
formula. The value of R used in the formula was 9000 pounds, the 
same value as used by Mr. Jennings. The only differences are using» ake 


;. the actual weight of wind-bracing and omitting the bed-plates and bolts. — 
‘The clear depths are also used in the formula; using the effective depth 
_ would give somewhat great 


— 
— 
—scided, as to whether the results are not as close as they ought to 
Professor Ricketts has taken the wind-bracing as given by 
ay not the actual weight. This alone might well make all the di 
‘ 4 as is shown by Mr. Jenning’s comparisons. Where the wind- 4 
3 . - may vary for same span, and within 6 inches of same depth, from 885 vi A — 
nounds to 2 150 pounds, it is essential in testing the formula to 3 
ere it actually did weigh. So for the weight of floor Professor 
— inds. This inay, of course, be correct, but for deck 
has taken 400 pounds. This may, of course, be correct 
expected to exactly coincide. Had there been such coinci- — 
cannot be exp y 
inclined to believe that the formula results represent very 4 
q the actual weights, but what would have been the 
Mr. H. C. Jennings has given two tables which are of value. 
the weight of bracing, as given by my empirical 
° enart 1 perhaps one = 
sed, insteax the actual weight. In other re 
— 
— 
4 EIGHT. 
Formula, 
= — 
— 
— 


My for mula was the clear depth instead of the effective, | 
' the web, , on the ° supposition t that in actual designing the web is not dis- “A 
— reg regarded and the effective depth is used, the two errors tending to balance, 
% » The web is taken at } inch in the formula to allow for splice-plates, — 
ete. As the girders in the preceding table were actually de- 

_ ‘signed disregrading the web, and probably for effective depth, we may 
expect to find a slight e3 excess over er the formula. The formula ‘results an are, 

4 in fact, a little small. If.the girders had been designed taking the web 
into account, the formula results would be a little large. In either case — 
the formula would give very good results. E's 


a a In Mr. Jennings’ Table No. 2, the, girders w were efigured for he moment 


9 000 pounds. It will be that the formula for girder 
alone, as given by Mr, Jennings, are much too small. failtoseewhy 
a formula which gives correctly the weight of a , girder, with ‘constant: - 
flange section and } inch web, web disregarded in flange strain, should 
give a less result than the same girder, probably for varying flange sec- 
_ tion, and certainly not more than j-inch web. It would seem that the 


test is not sound in some particular. I think the trouble is to be found ag es 


in the value of Rused. It is also to be n noted that, through a miscon-— 
el ception, the equivalent load for the locomotive system assumed was not a 
used by Mr. Jennings, but only the total load occupying the span. It __ 
would seem that if the moment of inertia of the flange section is used 
es, with R 10 000 and 9 000, then in the formula we should take for a fair a 
somewhat more than 3 R, or, say } R, or 8 450 and 7 500. Our 
formula is made out for our method of figuring, and allows for 


method an an excess for stiffeners, splice-plates, etc. To ‘compare i it with 
another method of figuring it should be tested for equivalent values. It 
ee is hard to see how it can possibly give much less than actual weight 
oe any system of design. Taking R at 8 450 and 7 500, and the 
equivalent loads, and using the actual values of the bracing, at and 
he 
bed- plates and bolts, we obtain the ing ng values: 


3 


remove such as ‘appear, 


as 
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_gram’s comparison, given in my paper, are thus apparently by 
q z Mr. Jennings’ and Mr. . Thacher's, a as we » shall see presently, and I may aks 
a we by numbers of cases of my own, % cannot but feel confident that — 
a Ki Professor Ricketts’ results w ould show as well if he or I only knew just 
what data to use. It also appears probable that the accuracy is bail =" 
cient to admit of confidence in the conclusions derived from the 
a i formula as to * least weight-depth,” if I may be allow ed the « expression, — 
to distinguish from least cost or ‘‘ best depth,” provided the formula re 


_ - ‘Mr. ‘Thacher | gives for the weight of flanges and web of a lo on- 


gitudinal girder the expression, 1, using his notation, 


ling upon whether flanges are 
. a of constant cross-section or uniform strength, and — the web i nail 
or not in figuring the flange ar 
recognizes that in this expression Wreally contains: 
weight and a method of trial and correction by means of 


3 a(W+. bed 


to the constants to fit different of designing. 
course is strictly an error. If it is considered proper to do so it can be a 
easily d done, but the of seem n to indicate that: forour 


: 
: 


summarized by Mr. Thacher himself, and it is necessary to 

= say that I admit them all. But how about their effect? By assuming a 
a ¥ flanges of constant cross-section, Tam correct for short girders and get a * 

too much for long ones. — By taking the w veb + inch I always get too 

much ; by taking the total length for ‘effective length I get too much s : 

not allowing for effect of web I gettoo much; by disregarding rivet- 

holes I get too little, and so also by taking the depth instead of tive 

a + depth. I thus have a surplus : amounting to but little for light girders, 
and increasing, as it should, with span and depth for heavy ones, which oe 


goes far to cover connections, splice and cover plates, stiffeners, etc. a E 


To claim exact compensation is is of course pom To claim equal accu- 
with special f ab. a 


ey ----«- T do not wish to seem to put more stress upon the accuracy of the a 
x 
— 
| 
| 
= 
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surd; but I think I claim partial 
quite satisfactory. — Mr. Thacher’s comparison well illustrates this. a Pp 
his estimate for the 63-foot girder, there is, I think, aslight error 
_ his weight of the flanges of the stringers. 4 Taking my tables, the load i is *& 
. 3 066 pounds, or 3 871 pounds per foot, and adding say 160 for dead 4 Le 
-=_— we have 4031 pounds. By Mr. Thacher’s formula (5) we then a we 


: 


have 49 pounds instead of 54.22.00 


Also i in the web ot the floor- beams, 6 pounds would to 


ve 
4: 


"Track stringers Flanges and web=162. bs .. 165. 
girders Flanges and web=479. as 
laterals. { Stiffeners, etc. = 6.8 


Se lage - Now here is evident not a fortunate balance of erro errors, but an allow- | 
ance or surplus for stiffness and connections, which, if not exact, at least q 
- varies, as it should, with all the dimensions, and gives in this case, as in all — 
- the others already examined, a close result. _ For the track stringers the 
for formula gives a close result. |The excess di due to web of } goes far to 
ance the allowance for connections, and would g: go farther if the web v were 
considered in flange area. The same holds true for the floor beams. 
a | For the main girder we have also an additional excess due to taking the a 


— 


vary more or less, but it s seems me that after pr prov viding | for 
splice plates, etc., the small residue can never be a source of great error, a ' 
and this conclusion seems justified by the results of the comparisons of ; 
formula with actual results, and explains the deviations, never very 7 


ay 


W, and this would give us , and this is 


not strictly correct, because the weight is ‘itself included in 


— 
a 
2 
q 
q 
q 
| 
— 
— 
— 
| 
— 
a 
— 
al 
— 
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a 


Wi? 2+ 7 295 + a) 
where W does the dead weight. The « effect of both cor- 
rections would be to reduce the difference in depth between case (2) ' 
and case (3). It seems to me then that I am not without justification i in- 
avoiding a change of constants to fit different cases, though, if thought — 
necessary, this can easily be done. With such change, and instead of 
ry our formulas for wind-bracing, usual to suit different styles, my formula " 

would become essentially the same as Mr. Thacher’s method. | Unless 
actual tests show this to be imperative, I should dislike to do it. as 
. tests thus far | given do not, it seems to 1 me, indicate such a a ‘necessity wet 

_ Whatever may be thought of the accuracy of the formula and 
| er as applied to plate- girders of large span, as far as regards track 


= 
~ 


2, 

ab 


ig 


stringers and cross-girders, the results, it seems, ought to be quite good. rah 


it 80, then ‘at least the floor system can in any case be. ‘accurately 
ee and by the aid of tables similar to those given in my paper, | 
q very speedily estimated alson 
_. Itremains only to discuss the truss formula. With the values for 
: once ‘made out and t tabulated, this is ready enough of application. 7” Me 
Its accuracy seems very thoroughly. established if the comparison w ith 
. Mr. Pegram’s cases and the results of Mr. Hughes are considered, so PP 
far at least as the scope of these comparisons extend. From the latter ps 


4 


all, the formula gives an aggregate of 1 524 216 pounds, or only ny { 
_ sections over those ‘required. _ Even an accurate, perfectly vu unex- 
too much to oexpect. That it is mainly rational, and in in form wholly 


4 we see that in twelve spans of all sizes, of different styles, and built 
3 200 pounds in excess, - The fluctuations, almost without exception, 
-ceptionable, rational formula must show such variations above and be- wee 
in my criticisms of the 104- foot span alluded by Mr. 


according to to different specifications, aggregating 1 521 017 pounds in - a a 
- are such as can be attributed to fluctuations in «, or to the excess of © 7 
low the actual weights. That the formula should be entirely rational 


J by the special circumstances, but simply ‘used it as an n illus- 


tration of how the effect of change of depth could be easily studied in a 
connection with change in panellength, = 


a Mr. Pegram is quite correct as to my misunderstanding of the 51 


and 59 per cent. dev iations. It was an inadvertence on my part. As Mr. er ae 
_ Hughes gives these same spans with a deviation by my formula of 0 gah 
and + 3} per cent., I should be loth to consider them as ‘‘ unreasonable == 


on their face.” ‘They n may indeed not conform to certain | standards, but, 
what seems of more importance, the formula conforms itself to their a. 
construction, as a rational formula should do with ony standard 


or not, when actual data are inserted. pe 


| 

— 

| 

— 

— 
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my paper given a formula for truss weights, well wi 
actual weights, and shown that by its aid and my tables total weights : 
were also given with equal accuracy. It seems to follow that if the — 
ere formula alluded to also gives the truss weights closely, precisely 4 
_ the same use of it as of the other would likewise closely give total 
weights. It is only necessary to add to the truss weight per foot, ws + 


w; — 200 to get half total weight per foot. 
Shs simple formula is indeed thoroughly rational as far as it goes, 


_ It is well known in the history of the subject. — For any given system 
at a poe standard specifications t the limiting length may be taken as practic. 
a ally cons constant, and Iam convinced that with a series of values for L to 
a te match Mr. Pegram’s coefficients it will give truss weights quite accur- 
on ately, and, combined with any ~? method of estimating floor, will give 
equal accuracy total weights, 
a the partial quotation to which he he , objects, where he indorses the | 
"girder formula, it did not occur to me as necessary to ¢ quote the remain- 
- der, because it referred in part to another truss formula not given in my 
present paper; and that part of it which referred to the girder did not 
: seem to me, in view of the causes of variation I have already alluded to, s 
entirely justified by the comparison. . Itis, howevel er, quite in order that 3 
a4] Mr. Pegram should call attention to the limitation of his indorsement, 
_ and if my statement of it is likely to give rise to misconception, itis — 
unintentional on my part, and I am glad to be corrected. 
the live-load system referred to as somewhat in of Mr. 
ae Pegram’s, I had in mind the locomotive only. The car loads which fol- ' 


ails low are designedly light. In the tables referred to in this connection in 
my paper, I found it just as well to take: concentrated car | loads, and to 
take them light. By doing an increase of tabular values is easily 
s figured out to suit any given specifications. Bs In all my comparisons I : 
Sa 1 have taken the loads as given, and therefore it does not seem to me that z Es 
san do not understand the statement that there are no examples of ait. 4 
styles of trusses and n none showi ing the effects of different | panel 
: a lengths. In the table of Mr. Pegram’s cases are two styles, single and 
ee - double intersection. In Mr. Hughes’ there are two styles and also differ- Z 
: ent specifications for these styles. I have noticed in my paper the effect — 
of double track and have given a case | » of Warren girder, and also given 4 
several examples of the effect of change in panel length both for con- 
= and varying depth. It is quite true that I have given no actual 
Weights of different styles myself for comparison with the formula, and 
: itis quite proper that I : should not. I wish the formula results to be = 
compared with the actual weights furnished by others, not by myself, 


ee if Mr. Pegram or any one oe feels the lack of further examples 


j 


— 

= in the remark quote y Mr. Pegram as to the ‘‘simple formula 
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EIGHTS OF BRIDGES. 
comparison, they are invited and to furnish them. That i is 
4 _ Mr. Pegram in his comparison of the 2 25 255.5-foot span with the results ; 
s of formula, speaks of percentages of error in the differences of weight. A 
; ‘The curve represented by my formula, for the depth variable, is an hy- q 
-perbola. His comparison shows that at different points there is not ex- a 
act correspondence, , and also that at these points the inclination of the * 
- tangent to the curve i is not the same as for the actual curve. This 1 
well be; it is even to be expected, and yet there can be substantial agree- a 
ment for all that. If the results of formula are found to vibrate, with < 
but small error, from one side to the other, and yet within alarge range 
of actual comparison give accurate results, it can ‘be assumed that the 
formula represents the facts. _ This is the point to be established, and it 
seems to me that this is the method a which to test it, viz., by a 


This method might easily be made to seemingly discredit an 

accurate formula. The percentages are large while the actual errors are cog 
a i covered by all the attainable fluctuations in design. More tests : . 
4 of just such results with a large number of spans, so that we may see, 

not the percentage of error in differences in any one particular case, — : 

but the errors in actual amounts for a large variety of cases, are just 
at is needed. Such tests are furnished to some extent by the tables I 
_ have given of Mr. Pegram’s and Mr. Hughes’ cases, and I am nen .* 

+The results and the construction of the : formula lead me to allies a 
that it is mainly rational, and to be depended upon for the effect of Ey 
changes in the data within a sufficient range, provided the best con- 
stants can be may w well be that this have not done. 


last case of 320-foot span turns out to have been een correctly giv ren by the — 
formula. . It is under two ] per cent. in four cases more, and its greatest — 
; ‘variation i in the rest is less than 5 per cent. _In the twelve cases given by 
q Mr. Hughes, it hits almost exactly three cases, and is below 4 per cent. 
in all but five cases. Such variations as there are might be owing 
to slight variations in loading and unit stress, e even in an exact formula, 2 ; 
and especially to excess of actual sections over those required. be This 
is certainly a good showing, as the cases cover & large range, include hs , 


1 —— right i in one case in every group theonghs the whole range. “The 
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— 
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: 4 
— 
— 
— 
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=f a results of actual comparison are certainly very good. It will be ob- iy _ a ae 
served that there are but two empirical constants,45 and 202. IfI 
Wished then to fit the formula to Mr. Pegram’s results, I could at most py: 
© 3 only make it fit any two, and it would have to take its chances with the Me a Be a ia 
— 
— 
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Mr. Pegram is quite right in giving seein attention to the ex: = 
on ession for re , the square of the radius of gyration for the upper 

= chords. I especially invited discussion on this point, and considering its _ 4 
7 importance, I could have wished that Mr. Pegram’s treatment had been 

_ somewhat more ‘thorough. When he speaks of it as a mere assumption — ‘ 
7 and having no no rational basis, I hardly know how to interpret the words, 
Does he mean that it is pure assumption to say that r,* increases with — 
the weight of the chord or with the loading, and that such assumptions * $ 
are muetienslt It would seem that the basis is as rational as can hes: 
. The form only i ‘is to be 


thet putting for r,* its actual value, the constant in the expression is ' 
not nae. Now, | it may appear paradoxical to state that if the value 

of r,? as given | by the invention of a constant for a’ had checked exactly 

the true values of r,°, , that the fact would have proved the expression = 
to be incorrect. But such is the case. The value of rm? given by the | 3 
expression in question is not the actual value for the chords as found _ 
from the strain sheet, nor is it meant to be. If it were, then it would - i 


itself need to be reduced by varying amount to allow for details, 


lattice | bars, pin-plates, etc. Me. Morse has "very properly noticed 
> this point, and if the expression as it stands had really stood Mr. 
be Pegram’s test and closely agreed with his values, it would have shown a 
case ‘of ‘overloaded constant,” no provision being made for 
details, and Mr. Morse’s objection would have been sustained. aia a 
_ Now, it seems to me no pure assumption, but to have asound 1 relies 
‘basis, to assert that the actual vaine of 7,%, as found from the strain 
‘sheet, ought to increase with: (w, 2 C, which is 
to the area, and cught to vary inversely as « an 


q 


a 
If we test this as Mr. Pegram has done, to see how aeiaiae a a we 
have the following results. 


Span. 


19430 
1930 
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for It in not ntatodd whether the values of given are the 
— 


YN ON WEIGHTS OF BRIDGES. 
a : g greatest v values or average for the span. _ The variation of a is slight © 
es and it can 1 be practically taken as constant. pi Perhaps if average values” 
P| 2 of r,? were used in testing, the variations of a would be still less. As 4 
4 ¥ ‘it stands, it seems to me en the expression just given for r, 2 will | 
give ve very good values for 7, *, if a is taken about thirty. 
"Now, as Mr. Morse points out, the details are a varying percentage. 
we take as our vary ring percentage -— Ww hich us just such 
an allowance as Mr. Morse insists on, we 
"which is precisely the in my paper. it will now of 
course no longer check the actual values of r,*, and just because. of this. 


“al As w w with this single exception ev erything i in the formula i is strictly de- 
duced, and the form is thus rational, it would seem that if this single 
exception is in accord with reason and meets Mr. Morse’s objection, and _ 
at the same time Mr. Pegram’s, an appeal to the results of the ap- : 
plication of the formula is quite in order. All such appeals thus far 
i have been quite satisfactory. If the error in differences noticed by Mr. 
= Pegram is considered important, I should expect it to be easily reme- — 
q died by a better choice of constants, thus bringing the formula curve 7 
into close | accord with the actual. The main point i is whether the = 
cand of the | formula curve is correct. so, its course ean 


in questions of 


insert: the addition | as a percentage to 
retical value for A, or to take sccount ‘of it in the « expression 

1 find that this exp expression, w with the constants 45 202 as given, ‘seems 
to cover both the material required for long struts and this also. The a 
_ same remarks which cover the objections of Mr. Pegram and Mr. Mor se i 


to value of ont d “overloaded constant’ here. The 
ry 
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Giferent depths are needed. If the formula can be fitted to these and 

a that the theoretical weight doesnot 

account of full length of posts or of additional length of eye-bars 4 

— 

— 

4 — 
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pression is of the same as the “A 
results seems to establish that a and 4 are practically constants . 
_ As to Mr. Seaman’s remark upon my method of finding uniform 
load, I do not catch the force of it. I should certainly in finding | 
‘* equivalent load,” find that uniform load which gives the greatest ie 
- moment caused by the actual loading. So far as the live-load system i is 
_ concerned, I do this. . To it I add the loading due to floor system. For — 
span of 20 feet, or any ¢ other span, I have intended to give for the 
= loading the equivalent load for the load system adopted, “a 
creased for impact, and add to it the floor system. In all my compari- 
sons I have of course taken the load as given — hone who furnish the & 


_ The statement of Mr. ‘Thomson, that Senne formulas for the weight q 

* truss bridges are misleading, and fail because they are not ‘based on 
correct principles, seems to me to be itself misleading by reason of ae: 
amen . He would hardly assert that the weight of any special span, 

with given data and specifications, cannot be correctly estimated. But — 
in the derivation of my formula I have followed very closely, s step for 
step, the method which would be pursued in any special | case. The 

principles which hold for the one are applied in the other. The strain ; 
im every 1 member is found, its area and volume and weight determined, 


2 then the weights added. 4 Of course it does not follow that a a prob- ‘ 


lem which admits of special solution in any given case can always be a3 
: fe solved generally, but if not, a good reason can usually be given. Cer- 
tainly, incorrect principles i in the present case cannot be put forward 


consistently os ¢ a reason by any one who uses identical principles in the 3 


_ solution of special problems. My formula is based throughout ‘upon, 
accepted statical petncipien, and with the single exception of extra ma- & 
terial for stiffening, etc., is accurately rational. The allowance for 


give on opposite page a tabular statement ‘of results| obtained by 
= using my formula and tables, which may be of interest, All the spans _ 
are e double intersection. . The ‘least ——- depth” is given ine each % 
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= 


_ Mr. Thomson speaks of this as if the first term represented the — 


mj girder proper and the last term the sway bracing, etc. The formula has : 


no such meaning. It is simply an application of the familiar exp expression 4 


which has been made the basis of 80 many empirical formulas in the 
sciences, If the quantities to be represented form a straight line, the © 
first: two terms are sed. If a curve, three or more. Mr. Thomson's 
formula is but the application of this, and as it has as practically six con- 


in six son to any series of values, and will of course give good inter- — 


mediate values. The constants thus determined, , how ever, are good 


only for girders of ‘a certain style and for personal practice, and worth- 


- Thus, take the deck-plate girders given by Mr. Pegrami in the Febru. 


_* these ca cases at 20, 50 and 80 feet we have fo for the the weight ( 


+ 1927. This formula is very - different i in the constants from Mr. Th 
_ son’s, but gives exceedingly close results for Mr. Pegram’s cases, with- 
out any change for spans over 50. I presume it would not fit Mr. 


= practice, however, on the other hand Mr. Thomson's 


formula does not at all fit Mr. Pegram’s practice, a as will be seen from the 
following tabulation: 


ce 


a 


44 19 740 23200 19283 
38880 39600 38590 


isa very old and favo: orite one ai all such purposes. “Ite can n be fitted to 
Mr. rae gap s results with much better accuracy than the form he net 
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FF 
— through the whole range. The result of any such formula is at best but 
tolerable estimate, varying more or less from the actual accor ing 
= 


= x the ca case in hand departs more or less in ‘dimensions, loading, etc., from 


3 the practice upon which the formulais based. Debi 

_ [believe that a better empirical formula for trusses than any ane 
far pr oposed gi ven by the form already alluded to, v 
where the L may be giv en by a simple 


ag empirical formula. Such a formula would have the sstiealiain of ara- 


“tional form, n, and might therefore be ‘expected to follow better the actual << 
curve. It would also take account of loading and depth as well as span. 


ar : Even if we take L as constant, the result as we have seen is very good, 


with the theoretic form already ‘deduced. Determining the » values of a 


a and 5 from spans 104 and 320 as given by Mr. Pegram, we have for == i 
$000, a= 0. 635 and b = 25. Here then is an formula of wider 


formed from two extreme cases only. sh 


wei ita ove Actual Difference. 
weight. 


truss, 
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2096 
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16% 
1844 
(19500 


1565 
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$28 


be 


_ There are undoubtedly other elements than that of weight alone 


entering into the problem | of proportions. . But so long as the weight 
is the basis of all discussion, the effect upon weight of change of = 


: q dimensions must be of importance. The outgrowth of practice under a 
sharp competition is to be relied ‘upon, but. such a to aid 
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a accuracy, as shown by the following tabulation. Better values forthe ‘abe ao 

| 

| 4425000 46.082 -y .x(| x 

255.5 | 82 | 943 550° 179616 —8066 | 
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such growth and give valuable hints to practice. The conclusion ~~ 


aed * If I cannot then altogether agree that the present attempt has been 
= thoroughly tested and discussed as it should be, or that its value has 


been thus far conclusively settled, it is not because I am willfully hard 
to be convinced. Nor would I be thought to treat with scant ceremony 


modern practice as to long panels, for instance, is justified by the 
formula and such a formula in the beginning might well have facilitated, 
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W mum H. Bu RR, Soc. this paper Prof 

DuBois has undoubtedly framed a formula of very ¢ considerable accu- “Ma ee 
provided the quantities which enter into it and which depend 
other formulas are accurately computed. A formula which gives 
___ the weight of iron in any railway truss bridge must’have its value based nie ve 
upon two considerations, one of which is its accuracy and the other its ‘ 
s ease of application; such | a formula would have value in either one of 
abe In the first place, if it were sufficiently accurate to be used as a basis ee ee 
of a tender, any reasonable amount of complication would not be of im- a 
portance. On the other hand, if the formula were not sufficiently accu- | 


to give a reliable on W which the contract price 0 of a bridge is 


of little value for approximate purposes. = 
BR. believe that there are few engineers who would be willing to eee: 
an important tender on any formula which has yet been devised, includ- 
ing the one under consideration. The great variety in the upeniiesiniin::’ '. a 
used by railroad companies and their engineers, leads to an 
great variety in the weights of the iron for a span of a given leng th, a = 
whether of a single or a double-track structure. 
If it can be shown that the formula of Professor DuBois will give 


_. *This is a continuation of the Discussion on the Paper on Formulas fos the Weights of oy 
by A.J. DuBois, Vol. XVI, page 191 191, May, 1887. ‘ 
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258 FORMUL LAS FOR THE WEIGHTS oF BRIDGES. 
a an weights of iron in spans of different lengths and for different specifica 


tions within two or three per cent., it may be considered as sufficiently 


a accurate for use in making tenders in close competition, but not other- 


or can be devised with reasonable simplicity will fulfill this condition. — 
But if a formula is not sufficiently accurate for the purposes of close 
Faeneahed it still may possess considerable value i in making those approxi- a 
‘mate estimates of cost which are so frequently required in 1 ordinary 
practice. Such a formula, however, should be» very simple, and that 
under consideration does not meet this requirement. 


ae In the first place, we find that in order to obtain a result from the 


a wise. It is safe to say that neither this nor any other formula which is i 


of Equation 3 in Professor DuBois’ paper, at least four 


w which enter it must be computed by other formulas; and we 
e that one of them, w,, involves a very ost 
of labor, and after it is obtained it is weed an 


"After ‘heving found four ‘quantities thevelore, Ww ith 
a ble labor, from other formulas, they are to be inserted in a formula rt 
_ considerable complication, and one from which a numerical result can- 
“not very readily be obtained. It does not appear therefore that 
formula can be used for purposes s of : an accurate estimate, nor yet be ¢ 
quickly and simply used for the purposes of an approximate estimate. 4 
a <a believe it is true that the claim of Professor DuBois for increased — 
ss geeuracy over other formulas is well founded. It is probably by far the 
= most nearly accurate e formula which has y yet been devi ised. I only wish 
ae to point out the factsthat it is not sufficiently accurate to form the basis | 
os a tender in ordinarily close competition, nor is it sufficiently simple 
to admit of quick use for the purposes of an approximate cost. 
‘The use of an equivalent uniform moving load i isamatterofwhich — 
much has lately been said, and it would seem to a appear that it is sup- ce. 
posed that there is a real uniform load per foot, which is in some sense isa 
or other equivalent to any given system of concentrated moving loads; 
but is not the case. ‘There i is no such thing whatever a as a uniform 


any length of span, or short. It is very true that hom may be 
3 a _ found a uniform load per lineal foot which will produce the same bend- a 
ing moment at any section of a truss as a given system of concentrated _ 


loads, or which will the same shear as that system of moving loads 
ae. in any given web member; but that so-called "equivalent moving load 
will not give the same moment, or the same shear, in any other parts of — 


_ Nothing can militate against the accuracy of any formula, therefore, — 


with ‘greater certainty, than this assumption of the use of an equivalent 


ae or ing load, especially if, as in the wane paper, the — of that 
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as formula for the weight of iron in a given truss, and under a given 

_ system of moving loads, of sufficient accuracy to take the place of a de- 

tailed « estimate, is very much like an long-c column n formula; 

both are » absolutely impossible. 

J. DoBors, Jun. Am. Soe. C. E.- —Professor Burr justly remarks that 
variety in specifications leads to equal variety in the weight ofa given _ 

span; but he does not recognize that my formula accommodates itself to er 


a If it can be shown that the formula g gives weights within two or three ; 7 
per cent., it may be used in making tenders. This condition Professor 
_ Burr thinks it safe to say neither this nor any other formula can ever ful- a = ; 


- fillwith reasonable simplicity. Why? The problem is of easy solution in a a 
any special case. It rests mainly upon static calculation, which can be 
generalized. Why should not the generalized calculation be 
as reasonably simple as the special solution? Of course, as I have already % 
- admitted, it does not always follow that because a: special problem can = 
be solved, therefore the problem can be generalized; but it generally ae nS ss 3 
does, and when it does not the reasons why can always be clearly stated. a 
If such valid reasons exist in this case they have not so far been clearly a 
stated in this discussion. Indeed Professor Burr's admission that this i is a 
aed far the most nearly accurate formula which has yet been devised as =e 
would seem to indicate that these reasons are not insuperable. The accu- 
racy is simply the result of following, step by step, in the generalization, — 
the successive operations of the special solution. That the attempt to may 
this even imperfectly results in the “ most nearly accurate formula 5 yet a 
_ devised,” seems to me significant. What prima facie valid reasons ome a i. 
3 there why this may not be still more perfectly done and a still ae 
: f cocumnte formula result ? With a ‘margin of of three per cent. to cover pe 
_ minor or irregularities, I am am of opinion, after considerable studying of the 
7 Professor Burr over- estimates the labor of using the formula. The - 
four quantities he alludes to can all be tabulated in ascordance with 
any specification, once for all. Any one using the formula in practice 
ould provide first his tables. Any bridge engineer has the data for 
such tables at hand. These tables once formed, the application of the ‘ea 
_ formula is about as simple and easy as any of the far less accurate and _ Bi x 
less rational ones now in use. The same objection might as reasonably 2 


be made to one “proposing logarithms as an aid in calculation. ‘The 


q 


‘admitted to have greater accuracy. In addition it fits any 
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_‘The error due to equiv 


ests of simplicity. Its effect in militating against the accuracy of the 
formula can only be determined by trial. Such comparisons as have 

_ thus far been made certainly do not show that the effect is great. a sy 
_ I believe that the Professor is too scientific to pronounce any probe ta 
q lem ‘absolutely impossible” unless there are valid reasons in the na- 3 
a ture of the problem itself which justify the assertion; the problem of s 
— perpetual motion, for instance, or squaring the circle. If I am laboring 
_ upon such a problem I hope, for the sake of our common humanity, he 


4 a will spare enough time either privately or publicly to enable me, if not — 


accurate as this ought to be in determinin 

nd in dimensions, ete. This, it seems to me, should not be entirely ig- } 


. 


2 sis worth the trouble to any engineer to furnis e tables which thus 
alent ‘uniform load is committed in theinter- 
j 

compete with a detailed estimate by any method less complete 
and thorough is, I admit, “impossible” in the nature of things. Bul 
With margin of three per cent., and asimilar method at bottom in 

both cases, it would seem to me that the question is not closed. 4 
eae Professor Burr neglects to mention the aid which arationalformulaas 
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